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Preface 


This manual describes the hardware of the Mitsubishi 
CNOS 16-bit microcomputer M37702 group. After 
reading this manual, the user should be able to fully 
utilize the functions of the microcomputers of M37702 
group and M37703 group. 


For details concerning the softwares for the M37702 
group and M37703 group, refer to the MELPS 7700 
SOFTWARE MANUAL. For details concerning the 
development support tools (assembler, option boards), 
refer to the respective operation manuals. 
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For using this manual 
This manual defines following items. 


ef( XIN) 

f(XIN) means oscillating clock frequency. 
«Internal clock @ 

Internal clock @ means operating clock of this microcomputer. It is obtained by dividing the input 
clock to XIN pin by 2 ( = f(XIN)/2). 
‘Clock ¢1 

Clock $1 means the internal clock @ output from P42 pin. 
‘Bit attribute 

Bit attributes are described in the figure of register structure. 

The following abbreviations are used to indicate the attributes. 


Db? b6 b5 b4 b3 b2_ obi 


. . Fels iain toned 





R/W : Possible to read and write 

W _ : Possible only to write 

R : Possible only to read 

Nothing allocated, undefined at reading 
‘Overflow and Underflow of timers 


Overflow of the timer means that the counter content reaches FFFFi6é -+ reload value “n”. 
Underflow of the timer means that the counter content reaches 000016 — reload value “n”. 


n” : Value set in reload register 
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DESCRIPTION a 





The M37702M2-XXXFP is a 16-bit single-chip microcomputer designed with high-performance CMOS silicon 
gate technology. It is housed in an 80-pin plastic molded flat package. 

This single-chip microcomputer has a large 16M bytes address space, three instruction queue buffers, and 
two data buffers for high-speed instruction execution. The CPU is a 16-bit parallel processor that can also 
be switched to perform 8-bit parallel processing. This microcomputer is suitable for office, business, and 
industrial equipment controllers that require high-speed processing of large amounts of data. 
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DESCRIPTION 
| 1.1 M37702 group 





1.1 M37702 group 

The M37702 group consists of chips shown in Table 1.1.1 with the M37702M2-XXXFP as the base chip. These 
chips are all pin compatible and provide a variety of memory characteristics, memory size, and operating clock 
frequencies to enable the user to select the chip best suited for his system. Hereafter, the M37702 group 
microcomputers will be referred to simply as the M37702 unless there is a specific difference by version. 


Table 1.1.1 M37702 group 


Type name 


M37702M2-XXXFP 








Remarks 


ROM RAM Clock 
size size | frequency 
(bytes) (bytes) (MHz) 


M37702M2AXXXFP 16K (Mask ROM) High-speed version of M37702M2-XXXFP 
M37702M2BXXXFP Super high-speed version of M37702M2-XXXFP 
M37702S1FP po External ROM version of M37702M2-XXXFP 
M37702S1AFP External ROM version of M37702M2AXXXFP 
M37702S1BFP External ROM version of M37702M2BXXXFP 
M37702E2-XXXFP 212 |g [One time PROM version of M37702M2-XXXFP 
M37702E2AXXXFP 16K (One time PROM) One time PROM version of M37702M2AXXXFP 
M37702E2BXXXFP One time PROM version of M37702M2BXXXFP 
M37702E2FS | 8 _| EPROM version of M37702M2-XXXFP 
M37702E2AFS 16K (EPROM) EPROM version of M37702M2AXXXFP 
M37702E2BFS EPROM version of M37702M2BXXXFP 
M37702M4-XXXFP Memory expansion version of M37702M2-XXXFP 
M37702M4AXXXFP 32K (Mask ROM) Memory expansion version of M37702M2AXXXFP 
M37702M4BXXXFP Memory expansion version of M37702M2BXXXFP 
M37702S4FP | 8 _| External ROM version of M37702M4-XXXFP 
M37702S4AFP External ROM version of M37702M4AXXXFP 
M37702S4BFP ae External ROM version of M37702M4BXXXFP 
M37702E4-XXXFP | 8 __| One time PROM version of M37702M4-XXXFP 
M37702E4AXXXFP 32K (One time PROM) 16 | One time PROM version of M37702M4AXXXFP 
M37702E4BXXXFP One time PROM version of M37702M4BXXXFP 
M37702E4FS | 8 __| EPROM version of M37702M4-XXXFP 
M37702E4AFS 32K (EPROM) EPROM version of M37702M4AXXXFP 


M37702E4BFS 


25 EPROM version of M37702M4BXXXFP 
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1.2 Performance overview 
Table 1.2.1 shows the performance overview of the M37702M2-XXXFP/ M37702M2AXXXFP/ M37702M2BXXXFP. 


Table 1.2.1 M37702M2-XXXFP / M37702M2AXXXFP / M37702M2BXXXFP performance overview 


Parameters Functions 
Number of basic instructions 103 
Instruction execution time |M37702M2-XXXFP 500ns (the fastest instruction at 8MHz frequency) 
M37702M2AXXXFP 250ns (the fastest instruction at 16MHz frequency) 
M37702M2BXXXFP 160ns (the fastest instruction at 25MHz frequency) 


Clock frequency 8MHz (maximum) 
M37702M2BXXXFP 25MHz (maximum) 
Memory size 16384 bytes 


512 bytes 
Input/Output ports Ports PO—P2, P4—P8 8 bits X 8 


4 bits X 1 
Multi-function timers 16 bits x 5 
6 bits X3 
Serial !/O (UART or clock synchronous serial I/O) X 2 
A-D converter 8 bits X 1 (8 channels) 
Watchdog timer 12 bits X 1 
Interrupts 3 external, 16 internal (priority levels 0 to 7 can 
be set for each interrupt with software) 
Clock generating circuit Built-in (externally connected to a ceramic 
resonator or quartz crystal oscillator) 
Supply voltage 5V+10% 
Power dissipation 30mW (at external 8MHz frequency) 
Input/Output characteristics oV 
Output current 5mA 
Memory expansion Maximum 16M bytes 
Operating temperature range —20 to 85°C 
Device structure CMOS high-performance silicon gate process 
Package 80-pin plastic molded QFP 
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1.3 Pin configuration 
Figure 1.3.1 shows the M37702M2-XXXFP pin configuration. 
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Fig. 1.3.1 M37702M2-XXXFP pin configuration 
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P84/CTS1/RTS1 
P8s/CLK1 
P86/RxD1 
P87/TxD1 
POo/Ao 
P01/Ai 
PO2/A2 
P03/A3 
P04/Aa 
POs/As 
PO6/Ac 
P07/A7 
P10/Ae/Ds 
P11/As/Do 
P12/A10/D10 
P19/A11/D11 
P14/A12/Di2 
P15/A13/D13 
P16/A14/D14 
P17/A15/D15 
P20/A16/Do 
P21/A17/D1 
P22/A18/D2 
P23/A19/D3 
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1.4 Pin description 
Table 1.4.1 shows the pin description. 


Table 1.4.1 Pin description (1) 


Pin] Name _____| Input/Output Functions 
Vcc. Vss Power suppl | ss | Supply 5V+10% to Vcc and OV to Vss. 
CNVss CNVss input This pin controls the processor mode. Connect to Vss for 


single-chip mode. It must be connected to Vcc for exter- 
nal ROM types. 





RESET Reset input oe | The microcomputer is reset when this pin is set to “L” 
level. 
Xin These are the I/O pins of the internal clock generating 
circuit. Connect a ceramic or quartz crystal resonator 
Xout Clock output Output between Xin and Xout. When an external clock is used, 
the clock source should be connected to the Xin pin and 
the Xour pin should be left open. 


E Enable output Output Data or instruction read and data write are performed 
when output from this pin is “L” level. 


Bus width selection input Input When in memory expansion mode or microprocessor 
mode, this pin determines whether the external data bus 
is 8-bit width or 16-bit width. The width is 16 bits when the 


signal level is “L” and 8 bits when the signal level is “H”. 


AVcc, AVss__| Analog supply input Loo Power supply for the A-D converter. Externally connect 
AVcc to Vcc and AVss to Vss. 





Ver Reference voltage input This is a reference voltage input pin for the A-D con- 
verter. 
P0Oo—P07 I/O port PO /O This port is a CMOS I/O port. An I/O direction register is 


available so that each pin can be programmed for input 
or output. Address (Ao—A7) is output in memory expan- 
sion mode or microprocessor mode. 

P10—P17 I/O port P1 1/0 This port is an 8-bit I/O port with the same function as PO. 
When the BYTE pin is set to “H” level in memory expan- 
sion mode or microprocessor mode, address (As—Ai15) is 
output. Incase the BYTE pin is setto “L” level, an address 
(As—A1s) is output when E pin level is “H”, and high-order 
data (Ds—Dis) is input or output when E pin level is “L”. 
P20—P27 I/O port P2 0 This port is an 8-bit I/O port with the same function as PO. 
In memory expansion mode or microprocessor mode, an 
address (Ate—Az3) is output when E pin level is “H”, and 
low-order data (Do—D7) is input or output when E pin level 
ists, 

P30—-P33 I/O port P3 /O This port is a 4-bit I/O port with the same function as PO. 
In memory expansion mode or microprocessor mode, 
P30-P33 output R/W, BHE, ALE, and HLDA signals re- 
spectively. 

P40—P47 I/O port P4 1/0 This port is an 8-bit I/O port with the same function as PO. 
In memory expansion mode or microprocessor mode, 
P4o and P41 become HOLD and RDY input pin respec- 
tively. P42 can be programmed for a ¢, output pin. 

In microprocessor mode, P42 always outputs the clock @,. 
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Table 1.4.1 Pin description (2) 


Pin Functions 
P50-P57_ | I/O nae P5 _ This port is an 8-bit I/O port with the same function as 
PO. These pins can be programmed as I/O pins for 
ae A0-A3. 





P60—P67 a port P6 This port is an 8-bit I/O port with the same function as 
PO. These pins can be programmed as I/O pins for 
timer A4, external interrupt input pins for INTo-INT2, and 
input pins for timers BO-B2. 

P7o-P77 | 1/O port P7 This port is an 8-bit I/O port with the same function as 
PQ. These pins can be programmed as analog input 
pins ANo-AN?7. P77 also functions as the ADrrae pin for 
an A-D conversion trigger. 

P80-P87_ | I/O port P8 I/O This port is an 8-bit I/O port with the same function as 
PO. These pins can be programmed as CTS/RTS, CLK, 
RxD, TxD pins for UARTO and UART1. 

















1.5 Block diagram 
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Figure 1.5.1 shows the M37702M2-XXXFP block diagram 
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Fig. 1.5.1 M37702M2-XXXFP block diagram 
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FUNCTIONAL DESCRIPTION 


2.1 Central processing unit 





2.1 Central processing unit (CPU) 
The MELPS 7700 CPU has ten registers as shown in Figure 2.1.1. Each of these registers is described 
below. 


2.1.1 Accumulator (Acc) 
Accumulators A and B are available and each can be used as 8-bit or 16-bit register as necessary. 


(1) Accumulator A (A) 

Accumulator A is the main register of the microcomputer. Data operations such as calculations, data 
transfer, and input/output are executed mainly through accumulator A. It consists of 16 bits and the 
low-order 8 bits can be used separately. The data length flag (m) determines whether the register is 
used as a 16-bit register or as an 8-bit register. It is used as a 16-bit register when flag m is “O” and 
as an 8-bit register when flag m is “1”. Flag m is a part of the processor status register (PS) which 
is described later. When an 8-bit register is selected, the low-order 8 bits of the accumulator A are 
used and the contents of the high-order 8 bits are unchanged. 


(2) Accumulator B (B) 
Accumulator B has the same functions as accumulator A. The MELPS 7700 instructions can use 
accumulator B instead of accumulator A, but the use of accumulator B requires more instruction bytes 
and execution cycles than accumulator A. Accumulator B is also controlled by the data length flag m. 


2.1.2 Index register X (X) 

Index register X consists of 16 bits and the lower 8 bits can be used separately. The index register length 
flag (x) determines whether the register is used as a 16-bit register or as an 8-bit register. It is used as 
a 16-bit register when flag x is “O” and as an 8-bit register when flag x is “1”. Flag x is a part of the 
processor status register (PS) which is described later. When an 8-bit register is selected, the low-order 
8 bits of the index register X are used and the contents of the high-order 8 bits are unchanged. 

In index addressing mode, register X is used as the index register and the contents of this address is 
added to obtain the real address. 

Also, when executing a block transfer instruction MVP or MVN, the contents of the index register X indicate 
the low-order 16 bits of the source data address. The third byte of the MVP or MVN is the high-order 8 
bits of the source data address. 


2.1.3 Index register Y 

Index register Y is a 16-bit register with the same function as index register X. As with index register X, 
the index register length flag (x) determines whether this register is used as a 16-bit register or as an 8- 
bit register. Also, when executing a block transfer instruction MVP or MVN, the content of index register 
Y indicates the low-order 16 bits of the destination data address. The second byte of the MVP or MVN is 
the high-order 8 bits of the destination data address. 
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Interrupt disable flag 
Decimal mode flag 
Index register length flag 
Data length flag 
Overflow flag 
Negative flag 
Processor interrupt priority level 


Fig. 2.1.1 CPU registers structure 
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2.1.4 Stack pointer (S) 

Stack pointer S is a 16-bit register. It is used during a subroutine call or interrupt. It is also used during 
addressing modes using the stack. The contents of the stack pointer S indicates the address (stack area) 
for storing registers during subroutine calls and interrupts. The bank 0 must be designated for the stack 
area (reffer to section “ 2.3 Addressable memory space”). Normally, the stack area is reserved in internal 
RAM. " 

When an interrupt is accepted, the contents of the program bank register PG is stored at the address 
indicated by the content of the stack pointer S, and the content of the stack pointer S is decremented by 
1. Then the contents of the program counter PC and the processor status register PS are stored with the 
high-order bytes followed by the low-order bytes (PCxu, PCt, PSH, PSt). The contents of the stack pointer 
S after accepting an interrupt is equal to the content before the interrupt decremented by 5. Figure 2.1.2 
shows the stored registers when an interrupt is accepted. 

When returning to the original routine after processing the interrupt, the registers stored in the stack area 
are restored to the original registers in the reverse sequence and the content of the stack pointer is 
returned to the status before the interrupt. The same operation is performed during a subroutine call, but 
the content of the processor status register PS is not stored (the content of the program bank register PG 
may not be stored either depending on the addressing mode). 

The user is responsible for storing registers other than those described above during interrupts or subroutine 
calls. In addition, the stack pointer S must be initialized at the beginning of the program because its content 
is undefined at reset. Normally, the stack pointer is initialized with the highest address of the internal RAM. 
The contents of the stack area changes when subroutines are nested or when multiple interrupts are 
accepted. Therefore, make sure necessary data in the internal RAM are not destroyed when nesting 
subroutines. 


Address ane “a 
S—4 | Processor status register low-order byte(PSL 


(PSL) 
( 


S-1 Program counter high-order byte(PCu) 


S Program bank register(PG) 


3 S is the first address that the stack pointer indicates at 
accepting an interrupt. 





Fig. 2.1.2 Stored registers when an interrupt is accepted 
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2.1.5 Program counter (PC) 

Program counter PC is a 16-bit counter that indicates the low-order 16 bits of the next program memory 
address to be executed. The content of the high-order program counter(PCx) becomes “FFie”, and the low- 
order program counter(PC.) becomes “FEis” at reset. The content of the program counter PC becomes the 
content of the reset vector address(address FFFEi6, FFFFie) after removing reset state. 

Figure 2.1.3 shows the program counter PC and the program bank register. 


b16b15 


bo 





Fig. 2.1.3 Program counter and program bank register 


2.1.6 Program bank register (PG) 

Program bank register PG is an 8-bit register that indicates the high-order 8 bits (bank) of the next program 
memory address to be executed. When a carry occurs after incrementing the content of the program 
counter PC, the content of the program bank register PG is incremented by 1. Also, when a carry or borrow 
occurs after adding or subtracting the content of the program counter PC, the content of the program bank 
register PG is incremented or decremented by 1 so that programs can be written without considering bank 
boundaries, usually. 

In single-chip mode, set the value “0016” because only address between 000016 and FFFFie can be 
accessed. 

This register is cleared to “OOie” at reset. 
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2.1.7 Data bank register (DT) 

Data bank register DT is an 8-bit register. With some addressing modes using the data bank registerDT, 
the content of this register is used as the high-order 8 bits of a 24-bit address. In single-chip mode, set 
the value “0016” because only address between 000016 and FFFFie can be accessed. 

Use the LDT instruction to set the value in this register. This register is cleared to “OO16” at reset. 


%*Refer to “MEPS 7700 SOFTWARE MANUAL” for the addressing modes. 


2.1.8 Direct page register (DPR) 

Direct page register DPR is a 16-bit register. The content of this register indicates whether the direct page 
area is allocated in bank O or spans across bank 0 and 1. This area can be accessed with two bytes by 
using the direct page addressing mode. 

The content of the DPR is the base address (lowermost address) of the direct page area which extends 
256 bytes above this address. The DPR can contain a value from 000016 to FFFFie. If it contains a value 
equal to or greater than “FFO116”, the direct page area spans across banks 0 and 1. If the low-order 8 bits 
of the DPR is “0016”, the number of cycles required to generate an address is minimized. Therefore, the 
low-order 8 bits of the DPR should normally be set to “OO16”. 

This register is cleared to “O000i16” at reset. Figure 2.1.4 shows the setting example of the direct page with 
the direct page register(DPR). 


O16 


DPR area when DPR=0000i1e 
4+ FFis 


SEES ESSER TATA RTE ERB BERR genta nnnneetgnranangga { 23 


DPR area when DPR=012316 
(Note 1) 


Roeder Naa a FF1016 
Pt See eee : DPR area when DPR=FF1 016 


1000016 ass 2h: * os as ght ei oe aid hc” 2 
J .. 2 ae 1000F 16 (Note 2) 


Bank 


‘ 
‘ 
i] 
‘ 
4 


‘ 
4 
‘ 
4 
4 


Note 1: The number of execution cycles is incremented by 1 when the low-order 8 bits of the 
DPR are not “OOie”. 
Note 2 : The direct page spans across banks 0 and 1 when the DPR is “FFO1te6” or greater. 





Fig. 2.1.4 Setting example of direct page with direct page register (DPR) 
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2.1.9 Processor status register (PS) 

Processor status register is an 11-bit register. It consists of flags to indicate the result of operation and 
CPU interrupt levels. The flags C, Z, V, and N are tested by branch instructions. 

Figure 2.1.5 shows the register structure of the processor status register. 

The details of the processor status register bits are described below. 


b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 bd b4 b3 b2 bt 


Note : Bits 11 to 15 always are “O” when the contents of the processor status register are read. 





Fig. 2.1.5 Processor status register structure 


(1) Carry flag (C) 
The carry flag is assigned to bit 0 of the processor status register. It contains the carry or borrow bit 
from the arithmetic and logic unit (ALU) after an arithmetic operation. This flag is also affected by shift 
and rotate instructions. This flag can be set with the SEC or SEP instruction and cleared with the CLC 
or CLP instruction. 


(2) Zero flag (Z) 
The zero flag is assigned to bit 1 of the processor status register. It is set to “1” if the result of an 
arithmetic operation or data transfer is zero, and cleared to “0” if otherwise. This flag can be set with 
the SEP instruction and cleared with the CLP instruction directly. 
Note : The content of this flag has no meaning during decimal mode addition (ADC instruction). 


(3) Interrupt disable flag (I) 
The interrupt disable flag is assigned to bit 2 of the processor status register. It disables all maskable 
interrupts {interrupts other than watchdog timer, BRK instruction, and zero divide). Interrupts are 
disabled when this flag is “1”. When an interrupt is accepted, it is set to “1” automatically to prevent 
multiple interrupts. This flag can be set with the SEI or SEP instruction and cleared with the CLI or 
CLP instruction. This flag is set to “1” at reset. 


(4 


= 


Decimal mode flag (D) 

The decimal mode flag is assigned to bit 3 of the processor status register. It determines whether 
addition and subtraction are performed in binary or decimal. Binary arithmetic is performed when this 
flag is “O”. If it is “1”, decimal arithmetic is performed with each word treated as two or four digit 
decimal (determined by the data length flag m). Decimal adjust is performed automatically. Decimal! 
operation is possible only with the ADC and SBC instructions. This flag can be set with the SEP 
instruction and cleared with the CLP instruction. This flag is cleared to “O” at reset. 


(5 


tl 


Index register length flag (x) 

The index register length flag is assigned to bit 4 of the processor status register. It determines 
whether the index register X or index register Y is used as a 16-bit register or an 8-bit register. The 
register is used as a 16-bit register when flag x is “O” and as an 8-bit register when it is “1”. This flag 
can be set with the SEP instruction and cleared with the CLP instruction. This flag is cleared to “0” 
at reset. 


(6 


= 


Data length flag (m) 

The data length flag is assigned to bit 5 of the program status register. It determines whether to treat 
data as 16-bit or as 8-bit. A data is treated as 16-bit when flag m is “0” and as 8-bit when it is “1”. 
This flag can be set with the SEM or SEP instruction and cleared with the CLM or CLP instruction. 
This flag is cleared to “O” at reset. 
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(7) Overflow flag (V) 


(8 


(9 


=v 


al 


The overflow flag is assigned to bit 6 of the processor status register. It is used when adding or 
subtracting a word as signed binary. In case the data length flag m is “O”, the overflow flag is set to 
“1” when the result of addition or subtraction is outside the range between —32768 and +3276/7, and 
cleared to “0” in all other cases. In case the data length flag m is “1”, the overflow flag is set to “1” 
when the result of addition or subtraction is outside the range between -—128 and +127, and cleared 
to “O” in all other cases. The overflow flag can also be set and cleared directly with the SEP, CLV, 
and CLP instructions. 

Note : This flag has no meaning in decimal mode. 


Negative flag (N) 

The negative flag is assigned to bit 7 of the processor status register. It is set when the result of 
arithmetic operation or data transfer is negative (Data bit 15 is 1 when data length flag m is “O”, or 
data bit 7 is 1 when data length flag m is “1”.). It is cleared in all other cases. It can also be set with 
the SEP instruction and cleared with the CLP instruction. 

Note : This flag has no meaning in decimal mode. 


Processor interrupt priority level (IPL) 

The processor interrupt priority level (IPL) is assigned to bits 8, 9, and 10 of the processor status 
register. These three bits determine the priority level of processor interrupts from level O to level 7. 
Interrupt is enabled when the interrupt priority level of the requested interrupt (set with the interrupt 
control register) is higher than the processor interrupt priority. When an interrupt is accepted, the IPL 
is stored in the stack and the processor interrupt priority is replaced ey the interrupt priority of the 
accepted interrupt. This simplifies control of multiple interrupts. 

There are no instructions to directly set or clear the IPL. It can be changed by placing the new IPL 
on the stack and updating the processor status register with the PUL or PLP instruction. 

The content of the IPL is cleared to “000” at reset. 
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2.2 Internal bus interface 


2.2.1 Internal bus interface overview 

A bus interface unit (BIU) is provided between the CPU and the internal bus. Transfer of data between the 
CPU and memory or I/O device is always performed through the BIU. When the CPU reads data from 
memory or I/O device, it sends the address to be read to the BIU. The BIU reads the data from the 
specified address and the CPU receives the data from the BIU. Similarly, the CPU sends the address to 
be written to the BIU when writing data. Thus the BIU controls the transfer of data between the CPU and 
bus. 

Figure 2.2.1 shows the block diagram of the bus interface unit. 


Peripheral 
devices 


External 


Even address data bus (8 bits) 


Odd address data bus (8 bits) 


Address bus (24 bits) 





Fig. 2.2.1 Internal bus interface block 


2.2.2 Bus interface unit functions 

The M37702 group uses the clock @ (=f(XIN)/2) as the clock. The CPU also uses clock @ as the clock. 
However, since the CPU clock may be extended due to CPU wait under certain conditions, it is referred 
to as gcru to distinguish it from clock @¢. 

The M37702 group internal bus (address bus and data bus) operates at timing E which is slower than clock 
g. The operating clock of the CPU is different from the bus cycle because timing E is normally f(Xin)/4. Therefore, 
the BIU is provided between the CPU and bus to synchronize the transfer of data to and from memory and 
/O device. The BIU enables the CPU to transfer data to and from memory through the bus without 
decreasing the instruction execution speed. 

The BIU consists of four registers as shown in Figure 2.2.2. Table 2.2.1 shows the functions of each 
register and buffer. 


Table 2.2.1 Functions of BIU registers and buffers 


Name Function 
Program address register j|Indicates the address of the program. 
Instruction queue buffer A three-byte buffer for temporarily holding instruction prefetched from memory. 
Data address register Indicates the address to be read from or to be written to memory or I/O. 
Data buffer A two-byte buffer for temporarily holding data read from memory or I/O device 
by the BIU or data written to memory or I/O device by the CPU. 
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Program address register 


Instruction queue buffer 


Data address register 


Data buffer 





Fig. 2.2.2 Bus interface unit registers 
The BIU performs the following operations. 


1.Prefetches an instruction code from the program memory (area where the program is stored) 
and stores it in the instruction queue buffer. 
Normally, a program is executed sequentially in ascending order of address. Therefore, if the next 
instruction code is prefetched in the instruction queue buffer, the CPU can execute instructions simply 
by obtaining the instruction code from the instruction queue buffer. This will eliminate the time needed 
by the CPU to access the memory. 
When the CPU is not using the bus (for example when performing register to register operation), the 
BIU reads an instruction code from the program memory (area where the program is stored) and 
stores it in the instruction queue buffer. Data up to three bytes can be prefetched because the 
instruction queue buffer is three bytes long. Refer to Section “2.2.4 Data read/write operations” for 
more information concerning instruction code prefetch. 


2.Reads data at the specified address into the BIU when the CPU requests data in memory and 
transfers it to the CPU. 
When executing instructions that processes data in memory or I/O device, the CPU must access the 
address assigned to the memory or I/O device and read the data. Because the operating clock of the 
CPU and bus are different, the CPU reads the data through the data buffer of the BIU. 


3.Writes the data obtained from the CPU to the specified address in memory. 
When writing data to a specific address, the CPU sends the address and data to the BIU. And after 
that, the CPU continues to execute the next instruction extracting from the instruction queue buffer, 
because actual writing to memory or I/O device is performed by the BIU. 


4.Controls read of word data from odd number address and outputs the control signals required 
to access external memory in byte unit. 
The transfer of data between the CPU and BIU is always performed through a 24-bit address bus and 
16-bit data bus. This is also true between the BIU and internal memory or I/O device. The wait bit and 
BYTE pin (external bus width selection input pin) determine the data width only when an external 
memory is accessed. 
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2.2.3 Bus interface unit operations 

Figure 2.2.3 shows the operating waveforms of the bus interface unit in memory expansion mode or 
microprocessor mode. The M37702 group BIU always operates at one of the waveforms shown in Figure 
2.2.3. 


The 


meaning of signals ALE and E in Figure 2.2.3 are as follows: 


@ ALE (Address Latch Enable) _ = 
Signal used to latch only address signals from Table 2.2.2 Bus status according to E and R/W 


@E 


multiplexed signals containing data and address. E Bus Status 
H Not used 
H Not used 

Signal set to “L” level when the bus interface unit L Read 

reads instruction code or data from memory or L Write 


when it writes data to memory. Table 2.2.2 shows 
the bus status according to E and R/W signals. 


(1) 


(2) 


Basic operation 

Waveform (a) is the bus interface operating waveform under the following conditions: 

@ When a one byte internal/external memory is accessed. 

@ When two bytes in internal memory are accessed together (starting on an even address). 

@ When two bytes in external memory are accessed together (starting on an even address when the 
BYTE pin is at “L” level). . 

@ When the instruction code is obtained from memory into the instruction queue buffer. 


Waveform (b) is the bus interface operating waveform when accessing in byte unit under the following 
conditions: 

@ When two bytes in internal/external memory are accessed together (starting on an odd address). 
@ When two bytes in external memory are accessed together with the BYTE pin at “H” level. 


Waveforms (a) and (b) are the basic operating waveforms of the BIU. Waveform (a) or (b) is always 
used when accessing the internal memory. However, signals other than E cannot be observed in 
single-chip mode because the port P3 is used as a programmable 1/O port. 


Effect of the wait bit 

When accessing the external memory area, the BIU operating waveform changes according to the wait 
bit. 

With the M37702 group, the external memory access time can be 1.5 times as long ( the “L” level 
width of E signal becomes twice ) by clearing the wait bit (bit 2) to “O” in the processor mode register - 
(address 005E16). This enables external expansion of slow memories and peripheral LSls. 
Note : Internal memory access is not affected by the wait bit. 


Figure 2.2.3 (c) to (f) show the effect of the wait bit on waveforms (a) and (b). Waveform (c) is the 
waveform when an external memory area is accessed under the conditions for waveform (a) with the 
wait bit cleared to “O”. 

Waveforms (d) to (f) are the waveforms when an external memory area is accessed under the conditions 
for waveform (b) with the wait bit cleared to “O”. The entire waveform is affected by the wait bit for 
waveform (d) and the first half or the last half is affected respectively for waveforms (e) and (f). 
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Internal clock ¢ LPFLEFLIFLFLYFLIFLFAFLIFLil 


Port P2 


(a) 


Port P2 CA KD KAHKD) 


ik 


(b) 
AE —— J UL J L___ 


(c) 
ALE ___| pereaer eee 


Port P2 (AMD AH DD) 


(d) 
ALE rT r] 


Port P2 CAM _D__ KAHTK D) 


(e) 
es (i Sess (el er 


: 
: 


Port P2 CA XD KA+HIK _D___? 


(f) 
ALE 1 1 


@ A: Address 
@ D: Data 
@ The waveform is for memory expansion mode or microprocessor mode. 


Fig. 2.2.3 Bus interface device operating waveform 
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2.2.4 Data read/write operations 
(1) Instruction code read 


(2 


~—w 


The CPU reads instructions codes from the instruction queue buffer of the BIU and executes them. 
The CPU notifies the BIU that an instruction code is needed during the instruction code’fetch cycle. 
At this point, the operation depends on whether the instruction queue buffer contains an instruction 
code or not. If there is an instruction code in the instruction queue buffer, it is passed to the CPU. 
lf there is no instruction code in the instruction queue buffer, or if the amount of data in the instruction 
queue buffer is less than the necessary instruction code, the BIU halts the CPU until a sufficient 
amount of instruction codes is stored in the instruction queue buffer. 

Even when there is no request for instruction code from the CPU, if the instruction queue buffer is 
empty or if there is only one instruction code and the bus is available at the next cycle (the CPU does 
not use the bus at the next cycle), the BIU reads instruction codes from memory and stores them in 
the instruction queue buffer (instruction prefetch). During instruction prefetch, if the first address 
accessed when reading an instruction code from memory is even, then the data at the next odd 
number address is also read and stored in the instruction queue buffer. If the first accessed address 
is odd, only one byte is read and stored in the instruction queue buffer. However, if the instruction 
code is read from external memory with the BYTE pin at “H” level (external bus width 8-bit) in memory 
expansion or microprocessor mode, only one byte is read regardless of the accessed address. 
Instruction code read is performed with operation (a) or (c) shown in Figure 2.2.3. When a branch or 
a jump or subroutine call instruction or an interrupt is executed, the content of the instruction queue 
buffer is cleared and a new instruction code is read from the new address. 


Data read/write 
The CPU reads and writes data from/to the BIU data buffer. The CPU issues a request to BIU when 
it attempts to read or write data. At this point, if the BIU is using the bus or if there is a higher priority 
request, the CPU is made to wait until the BIU becomes ready. When the bus is available for data 
read or write, the BIU operates at one of the waveforms (a) to (f) shown in Figure 2.2.3. 
O Data read 
When the CPU requests data from the BIU, it waits until the data becomes complete data in the data 
buffer. The BIU sends the address received from the CPU on the address bus, reads the content 
of memory when E signal is “L” level, and stores it in the data buffer. 
© Data write 
The CPU sends address (address at which the data is written) and data to BIU. 
The address is written in the BIU data address register and the data is written in the data buffer. 
The actual writing in memory is performed by BIU and the CPU can proceed to the next step without 
waiting for the BIU to complete writing data in memory. The BIU sends the address received from 
the CPU to the address bus, sends the contents of the data buffer to the data bus, and writes it in 
memory when E signal is “L” level. 
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2.3 Addressable memory space 

The M37702 group allocates all ROM, RAM, I/O, and various control registers in the same memory space. 
Therefore, data transfer and operation can be performed with the same instruction without distinguishing 
memory and |/O area. 

The M37702 group program counter (PC) consists of 16 bits. It is used together with an 8-bit program bank 
register (PG) to directly access a 16M-byte address space from O16 to FFFFFFie. 


2.3.1 Banks 

The M37702 group address space is divided into 64K-byte blocks called banks. The M37702 group can 
access 256 banks from bank 0 to bank 255 (FFie) in memory expansion or microprocessor mode. 

The high-order 8 bits of the 24-bit address indicate the bank and the content of the program bank register 
(PG) or the data bank register (DT) indicates the bank to be used. 

If the program counter overflows at a bank boundary, the content of the program bank register is incremented 
by 1. If a borrow occurs in the program counter register, the content of the program bank register is 
decremented by 1. Therefore, programs can be written without considering the bank boundaries, usually. 
The banks can be accessed efficiently by using an addressing mode that uses the data bank register. 
Bank 0 (address O16 to FFFFie) contains the internal ROM, internal RAM, and internal I/O control registers. 
Note : In single-chip mode, only bank 0 can be accessed. 


2.3.2 Direct page 

By using the direct page register (DPR), bank 0 or a 256-byte space spanning across bank 0 and bank 
1 can be accessed with fewer instruction cycles by using direct page addressing mode. This area is 
referred to as the direct page and is normally used for frequently accessed information. The direct page 
area can be specified by setting the lowermost address of the required area in the direct page register (see 
section “2.1.8 Direct page register’). 


Special function registers 
Internal RAM 


Bank 0 (Note) 

C00016 
| 
FFFFi6 
1000016 
Bank 1 
ee 
ae a 


Ne ee 
S2S242 44949449444) 


1FFFFi6 


FE0000:6! 


Bank 254 
(Bank FE%6 ) 


Bank 255 
(Bank FFi¢ ) 


es 


Note : The memory allocation of bank 0 depends on the microprocessor type. This diagram shows 
the allocation for M37702M2-XXXFP. Refer to the M37702 group memory map in Appendix 1 
for other types. Also note that only bank 0 can be accessed in single-chip mode. 


TEDUCCLTAECACEALSE We ew ow & 


FFOOOOt16 


Ram mmenasnsaak 


FFFFFFt6 





Fig. 2.3.1 Addressable memory space 
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2.4 Memory allocation 
Figure 2.4.1 shows the memory map in single-chip mode. The allocated memory and 1|/O are described 


below. 
2.4.1 Internal memory and peripheral device memory allocation 
(1) SFR (Special Function Register) area 
Address 000016 to 007Fie of bank 0 are the SFR (Special Function Register) area. This area contains 
the control registers of internal peripheral devices, 1/O ports, timers, and so on. Internal peripheral 
devices can be accessed through these registers. Figure 2.4.2 shows the memory map of the SFR 


area. 
00000016 
Special function registers 
00007F ie 
00008016 
Interrupt vector table 
: igh 
Peres UART 1 transmission oe 
UART 1 receive io 
Low 


onteehs : 
m H FFDAie6 
Not used ; 

: ee UART 0 transmission = 

00 ee ae a UART 0 receive rp 

eer eee | FFEOs Timer B2 a 
ae a Z : Low 
Timer B1 Fees 


FFE2i6 
Low 


Timer BO Wan 
Low 





FFE4i6 


eee Timer A4 
; FFE8t6 : Ow 
: Timer A3 7" 
pee Timer A2 oe 
Timer A1 ot 
Low 


: FFECis 
Diet Timer AO 
INT 2 


eS : FFFOts 
INT 14 


; FFF2t6 
: FFF 416 INT o 
Watchdog timer (24 
Low 


FFF616 
DBC (Note) Wan 
Low 


BRK instruction 
High 
Low 


Zero Divide =wo 
RESET a 


FFF816 
FFFAi6 


wee < 
oe ot eee 
ee t7 eee 
oe 3 ° 
ee tl eee 


oe PFE Ci 


OOFFDS16 (2 
FFFE16 


OOFFD6i6 |" 





CTtrr we Ce eet een eee eee TT 


OOFFFFis fice ee 
M37702M 
Note : DBC is an interrupt for the exclusive use of the debugger and is not used, usually. 


Fig. 2.4.1 Memory map (in single-chip mode) 
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Address (Hexadecimal notation) 


Fig. 2 


000000 
000001 

000002 
000003 
000004 
000005 
000006 
000007 
000008 
000009 
O00000A 
00000B 
00000C 
00000D 
OOOO00E 
OO000F 
000010 
000011 

000012 
000013 
000014 
000015 
000016 
000017 
000018 
000019 
00001A 
00001B 
00001C 
00001D 
O0001E 
00001F 
000020 

000021 

000022 
000023 

000024 

000025 

000026 

000027 
000028 

000029 

00002A 
00002B 
00002C 
00002D 
00002E 
00002F 
000030 

000031 

000032 

000033 

000034 

000035 

000036 

000037 
000038 
000039 

00003A 
00003B 
00003C 
00003D 
00003E 
00003F 


























Port PO register 
Port P1 register 
Port PO direction register 
Port P1 direction register 
Port P2 register 
Port P3 register 
Port P2 direction register 
Port P3 direction register 
Port P4 register 
Port P5 register 
Port P4 direction register 
Port P5 direction register 
Port P6 register 
Port P7 register 
Port P6 direction register 
Port P7 direction register 
Port P8 register 


Port P8 direction register 


A-D control register 
A-D sweep pin selection register 
A-D register 0 


A-D register 1 


A-D register 2 
A-D register 3 
A-D register 4 
A-D register 5 
A-D register 6 
A-D register 7 


UART 0 transmit/receive mode register 
UART 0 baud rate generator 


UART 0 transmission buffer register 


UART 0 transmit/receive control register 0 
UART O transmit/receive control register 1 






UART 0 receive buffer register 











UART 1 transmit/receive mode register 
UART 1 baud rate generator 


UART 1 transmission buffer register 





UART 1 transmit/receive control register 0 
UART 1 transmit/receive control register 1 





UART 1 receive buffer register 


.4.2 SFR area memory map 


000040 
00004 1 
000042 
000043 
000044 
000045 
000046 
000047 
000048 
000049 
O0004A 
00004B 
000040 
00004D 
00004E 
00004F 
000050 
000051 
000052 
000053 
000054 
000055 
000056 
000057 
000018 
000059 
00005A 
00005B 
00005C 
00005D 
O0005E 
OO005F 
000060 
000061 
000062 
000063 
000064 
000065 
000066 
000067 
000068 
000069 
O0006A 
00006B 
00006C 
00006D 
OOO06E 
OO0006F 
000070 
000071 
000072 
000073 
000074 
000075 
000076 
000077 
000078 
000079 
00007A 
00007B 
000070 
00007D 
00007E 
00007F 
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Each bit in the register can be either read only, write only, or read/write bit. Refer to each block 
description for the register function in the SFR area, and to section “3.1.2 Internal status at reset” for 
the status of the SFR at reset. 


(2) RAM 
The M37702M2-XXXFP, M37702M2AXXXFP and M37702M2BXXXFP have a 512-byte static RAM at 
address 008016 to 027Fie in bank O (Note). In addition to storing data, the internal RAM area is used 
as stack area during subroutine calls and interrupts. Therefore, be careful of subroutine nesting levels 
and multiple interrupt levels so that important data is not destroyed. 
Note 1 : Refer to “Appendix 1. M37702 group memory map” for other types. 


(3) ROM 
The M37702M2-XXXFP, M37702M2AXXXFP and M37702M2BXXXFP have a 16K-byte mask ROM at 
address C000i6 to FFFFie in bank 0 (Note). Address FFD616 to FFFFie are allocated to the interrupt 
vector table containing branch destinations (address of interrupt handling routines) when reset or 
interrupt occurs. This area must be allocated to ROM in microprocessor mode and external ROM 
version which prohibit internal ROM. 
Note 2 : Refer to “Appendix 1. M37702 group memory map” for other types. 


2.4.2 Processor modes 

The M37702 group can operate in single-chip mode, memory expansion mode, and microprocessor mode. 
The functions of some pins, memory allocation, and address space depend on the processor mode. The 
processor mode can be selected internally or externally as described below. 


@® Externally changing the processor mode 
The processor mode after reset start can be selected with the input level to the CNVss pin during reset 
start. Table 2.4.1 shows the relationship between the processor mode and the input level to the CNVss 


pin. 
Table 2.4.1 Relationship between the processor mode and CNVss pin input level 
CNVss Pin Processor mode 
Vss level (OV) Starts in single-chip mode after reset. 
One of the three modes can be selected by changing the processor mode bits. 
Vcc level (5V) Starts in microprocessor mode after reset. 


The other mode must not be selected by changing the processor mode bits. 


® Internally changing the processor mode 
After reset start with the CNVss pin set to Vss level, the processor mode can be changed internally 
from program by changing the processor mode bits in the processor mode register (bits 1 and 0 at 
address 5E16). Figure 2.4.4 shows the structure of the processor mode register. In case of changing 
the processor mode internally, the actual function of each pin changes when the bus cycle E used to 
write to the processor mode register returns to “H” level. 


Port function changes 
at the rising edge of E 
signal 


Bus cycle E 


Cycle of writing data 
in processor mode 
register 


4 
‘ 
é 
é 
r] 
‘ 
é 
‘ 
é 
‘ 
é 
é 


went weanatean 





Fig. 2.4.3 Port function change timing due to change in processor mode 
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(1) Single-chip mode 
This mode is selected when starting after reset with the CNVss pin set to Vss level. In this mode, the 
address bus and data bus are not output externally and all ports function as programmable |/O pins 
(internal peripheral device I/O pins when internal peripheral devices are used). Also note that in single- 
chip mode, a zero value must be stored in the data bank register and program bank register because 
only bank 0 can be accessed. Furthermore, in this mode, the wait bit, which is described later, is 
ignored and internal memory and I/O are always accessed at no wait. 


b4 b3 b2 bf 


Processor mode bits 

00 : Single-chip mode 

O01 : Memory expansion mode 
10 : Microprocessor mode 

11 : This can not available. 


Wait bit 
0 : Wait during external access 
1 : No wait 


Software reset bit 
1 : Software reset activated by writing “1” 


Interrupt priority detection time selection bits 
00 : 7 cycles at internal clock @ 

01 : 4 cycles at internal clock @¢ 

10 : 2 cycles at internal clock @ 

11: This can not available. 


Fix this bit to “O”. 


Clock $1 output selection bit 
0 : gi output disabled 
(Port P42 functions as normal I/O port.) 
1 : ¢1 output enabled 
(Port P42 functions as only 91 output pin.) 


Note: Bit 3 is a write-only bit. 
This register is cleared to “0016” at reset. 





Fig. 2.4.4 Processor mode register structure 
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(2) Memory expansion mode 


(3 


~— 


This mode is selected when the processor mode bits are set to “01” after reset start with the CNVss 
pin set to Vss level. 

This mode is used when just using internal memory and I/O is not sufficient. In this mode, the memory 
and peripherals can be expanded to any area within a 16M-byte addressable memory space. 
When the memory expansion mode is selected, ports PO to P2 become the address bus and data bus 
and port P3 and part of P4 become the control signal !/O pins. In this case, the port register area 
associated with ports PO to P3 and part of P4 become unusable and lose their normal I/O pin 
functions, but other memory and peripherals can be used. Refer to section “2.5 Input/Output pins” for 
more details concerning the functions of ports PO to P4 when the memory expansion mode is selected. 
lf an area overlapping the internal memory area is read when the external memory is extended, only 
the data in the internal memory is read into the CPU and the data in the external memory is not read 
into the CPU. However, if data is written in this area, it is written both in the internal memory and 
external memory. 

Furthermore, the accessing of external memory in this mode is affected by the level of the BYTE pin 
and wait bit described in the next section. 


Microprocessor mode 

This mode is selected when the processor mode bits are set to “10” after reset start with the CNVss 
pin set to Vss level. Also, this mode is selected when starting from reset with the CNVss pin set to Vcc 
level. 

The function of this mode is the same as the memory expansion mode except that access to internal 
ROM is disabled and port P42 always outputs the clock ¢: regardless of the content of the clock qi 
output selection bit. This mode is suitable for small volume production or prototype models before full 
scale production because external ROM can be installed easily. 

Figure 2.4.5 shows the memory map in each processor mode. Refer to section “2.5 Input/Output pins” 
for the change in port functions. 
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2.4 Memory allocation 


00000016 SFR area SFR area 
SFR area ie 


00008016 
Internal Internal Internal 
RAM RAM RAM 
00027Fie : 7 = = ———s 





00C00016 
Internal Internal 
ROM ROM 
OOFFFFie near 


Soaeane 01000016 


mode 


FFFFFFt6 


Memory expansion Microprocessor 
mode mode 


: External memory area 


Note : Address 216 to 916 can also be used as external memory area in memory expansion mode 
and microprocessor mode. 





Fig. 2.4.5 Memory map in each processor mode (for M37702M2-XXXFP) 
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2.4 Memory allocation 





2.4.3 External memory area bus control 

The BYTE pin and the wait bit are provided to simplify access to external memory area in memory 
expansion mode and microprocessor mode. The BYTE pin and the wait bit are valid only when accessing 
external memory area and have no effect when accessing internal memory or internal peripherals. Therefore, 
the BYTE pin and the wait bit are ignored in single-chip mode. 


(1) BYTE pin (external bus width selection pin) 


(2 


~~ 


When accessing the external memory in memory expansion mode or microprocessor mode, the input 
level to the BYTE pin is used to select whether 8-bit data bus or 16-bit data bus (refer to section 
“2.5.4.(2) Data bus”). 

The external bus width becomes 8-bit when the BYTE pin is at “H” level. In this case, data read/write 
to the external area is always performed in 8-bit (1-byte) unit and the port P2 pins become the data 
(Do to D7) I/O pins. The use of 8-bit peripheral ICs is simplified by setting the bus width for external 
area to 8-bit. 

The external bus width becomes 16-bit when the BYTE pin is at “L” level. In this case, data read/write 
to the external area is always performed in 16-bit (1 word) unit and the port P2 pins become the data 
I/O pins for the low-order byte (even address data: Doto D7) of a 16-bit data and the port P1 pins 
become the data I/O pins for the high-order byte (odd address data: Deto Dis) of a 16-bit data. 
The data width is always 16-bit when accessing the internal memory area regardless of the BYTE pin 
level. 


Wait bit 

The wait bit (bit 2 at-address 5E1s6) is used to attach slower memory when expanding external memory 
or I/O in memory expansion mode or microprocessor mode. When the wait bit is “O”, a wait for external 
area access is enabled (one-wait mode) and bus operation is performed at the speed of 2/3 of the bus 
cycle (bus cycle=f(Xin)/4) during no wait. When the wait bit is “1”, bus operation becomes no wait 
mode and bus cycle is f(Xin)/4. 

The wait bit is cleared to “0” at reset and the system starts in one-wait mode. Internal memory access 
is always performed at no wait because this bit is ignored. 

Figure 2.4.6 shows the effect of the wait bit for external access. 
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2.4 Memory allocation 


(a) Waveform when the external memory area is accessed with the wait bit set to “1”. 


* This waveform is always used when accessing the internal memory. 


(b) Waveform when the external memory area is accessed with the wait bit cleared to “O”. 


internalclocko [ | [ L/ LJ LJ LJ LI LI | 


Port P2 


*< Waveform (a) is used for internal memory area access even when the wait bit is “O”. 





Fig. 2.4.6 Effect of wait bit for external access 
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2.5 Input/Output pins 
The M37702 group has 68 programmable I/O pins (ports PO to P8). These ports also function as 1/O ports 
for internal peripheral devices. There are pins that function depend on the processor mode or not. 


2.5.1 Programmable I/O ports 

Each of the programmable |/O ports (ports PO to P8) has a direction register and a port register. The 
direction register is used to select the input/output mode by one bit. The direction registers and the data 
registers are allocated in the SFR area of bank 0. Input level is read from the pin selecting input mode by 
reading the port register. The data written to the port register is output from the pin selecting output mode. 
Figure 2.5.1 shows the memory allocation of the direction registers and the port registers. 


Address 


216 Port PO : 
316 Port P1 | 
4i6} Port PO direction register | 


616 Port P2 


716 Port P3 
816 
916 
Ai6 
Bi6 
Cié 
D16 
E16 


F16 


516 Port P1 direction register 


Pon Pe direction register | 
[Port PS direction register _| 
[Pots 
Pot PS 
Fon Pa direction register | 
Pont PS direction reister _| 
[Pon P7 
1013] Pon P6 direction register | 
‘118| Port P7 direction register 

| 


\ 
\ 
. 
' 

1 

, 
: 


1216 Port P8 
sf 
1416 Port P8 direction register 





Fig. 2.5.1 Memory allocation of direction registers and port registers 
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2.5 Input/Output pins 


(1) Direction register 
Each bit of the direction register corresponds to a pin. Figure 2.5.2 shows the structure of the direction 
register. The port is set to input mode (input pin) when the corresponding bit is “O”, and to output mode 
(output pin) when the corresponding bit is “1”. 
The direction registers are cleared to “OO16” at reset. Therefore, I/O ports are set to input mode. 
If I/O port are not used as output pins, set the corresponding direction register bit to “O” for input 
mode. 


b7 b5 b3 b2 bi 
Port Pi direction register (i=0 to 8) 


Port direction selection bits 
0 : Input mode (the corresponding pin is an input pin) 
1 : Output mode (the corresponding pin is an output pin) 


at by [be [bs [oa [bs [be Dor bo 
[Corresponding pin_| Pi7 [Pie | Pis | Ps | Pio | Pi2 | Pix | Pio | 


Note: Nothing is allocated in the high-order 4 bits of port P3 direction register. The high-order 4 
bits of port P3 direction register is fixed to “0” at reading. 
These registers are cleared to “0016” at reset. 





Fig. 2.5.2 Relationship between the port direction register and pins 


32 


FUNCTIONAL DESCRIPTION 
2.5 Input/Output pins 


(2) Port register 
The port register is used to transfer data with external devices through the |/O ports. Figure 2.5.3 
shows the relationship between the port register and the pins. 
To output data from a port set to output mode, the data must be written to the corresponding bits of 
the port register. This data is written in the port latch and is output from the port set to output mode. 
lf a port programmed for output is read, the status of the output pin is not read but the content of the 
port latch is read. Therefore, the previously output value can be read correctly even if the output “H” 
voltage drops or “L” voltage rises due to external load. 
A pin programmed for input is floated and the value input to the pin can be read by reading the 
corresponding bit of the port register. If a value is written to a pin programmed for input, it is written 
in the port latch and the pin remains floating. 


b7 b6 b5 b4 ++.b3 b2_. Obi! b0O 


Port Pio 
Port Pit 
Port Pi2 
Port Pi3 
Port Pi4 
Port Pis5 
Port Pié 
Port Pi7 


Data I/O is performed by reading the corresponding bit to the pin or writing to the bit. 


Note: Nothing is allocated in the high-order 4 bits of port PS direction register. The high-order 4 
bits of port PS direction register is fixed to “O” at reading. 





Fig. 2.5.3 Relationship between the port register and pins 
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2.5 Input/Output pins 


2.5.2 Pin functions 

Figure 2.5.4 shows the port peripheral circuits. The functions of some pins depend on the processor mode 
while others are not affected. This section describes those pins that are not affected by the processor 
mode. The next section describes the pin functions according to the processor mode. 


(1) Effect of processor mode on pin functions 
The function of some pins depends on the processor mode. Table 2.5.1 shows the pin functions 
according to processor mode. Table 2.5.2 shows the pin functions of ports PO to P4 according to 
processor mode. The function of port P1 also depends on the input level of the BYTE pin (external 
bus width selection pin). The details of the following pins are described in the next section. 


Table 2.5.1 Pin functions according to processor mode 


Memory expansion mode and microprocessor mode 
Pin Le single-chip mode = fEStémal 16-bit bus (BYTE="L") [External 8-bit bus (BYTE="H) 


Port PO | Programmable 1/O port | Address bus (Ao to A7) 

Port P1 ge bus (As to Ais) Address bus (As to Ais) 
/Data bus (Ds to Dis 

Port P2 Address bus (Ais to Az3)/Data bus (Do to D7 

Port P3 Programmable 1/O port |P3o....R/W output pin 








P31....BHE output pin 
P32....ALE output pin 
P33....HLDA output pin 
Programmable 1/O port |P4o....HOLD input pin 
Note : P42 pin can be/P4:....RDY input pin 
programmed for} P43 to P47....Same as single-chip mode 
g: Output pin. |P4z2....Programmable I/O port/clock @: output pin (in memory 
expansion mode) 
Clock 1 output pin (in microprocessor mode 


BYTE External bus width selection pin 





Port P4 


Ports P07 to POo, P17 to P10, P27 to P20, 
P33 to P30, P46 to P4e 


(dotted area not included) Seca waell 


—— 


Ports P40, P41, P47, P51, P53, P5s, 
Pb, Pb to Poi, Pe, PBs get 
(dotted area included, however no \ 
hysteresis for P82 and P86) 


Ports P7s to P7o (dotted area not included) 


Pe Direction ade 


Port P77 (dotted area included) pees 


a 





Fig. 2.5.4 Port peripheral circuits (1) 
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Ports P83, P87 
(dotted area not included) 


Ports P50, P52, P54, P5e, P6o 
(dotted area included) 


Ports P80, P81, P84, P85 


E output pin 


Fig. 2.5.4 Port peripheral circuit (2) 


2.5 Input/Output pins 













Direction register 
—— 


et 
ae: 


Data bus 












f eisston easier 
pea eee Output 
Port latch 


et 
NX 





Data bus 






—f 


aie 
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2.5 Input/Output pins 


Table 2.5.2 Functions of ports PO to P4 according to processor mode 
Processor mode register 


bi bd bi bd bi bd 


















Processor 
mode 


Port PO 
BYTE="L” 









Single-chip mode Memory expansion mode 


















E | ! 
P07 to POo /O port 


E ; oe 
P07 to POs 






P1710 Pto 















~ as eres Ee 
t 
e P17 to Pto I/O port 
BYTE=“H” 
eae ay pe ene 
is P2; to P2 0 port 
ra 70 (¢) 










BYTE="H” | 
P2r to P20 \ Aaato Ave Kaede) 







E | | 
P33 to P30 I/O port 


= E | | 
E | | 
P47 to P42 I/O port 





Processor 


mode register] pg, to Pao I/O port 


bit 7 = “0” 










Port 4 














Processor 
mode register 
bit 7 = “1” 







Note : Same as above except for P42. Note : Same as above except for P42. 


But port P42 always outputs the clock 


gi in microprocessor mode regardless 
of the processor mode register bit 7. 
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2.5 Input/Output pins 


(2) Functions of pins unaffected by processor mode 
Table 2.5.3 shows the functions of pins unaffected by processor mode. The functions of these pins 
are the same in all modes. 


Table 2.5.3 Functions of pins unaffected by processor mode 


Pin 
Port P5 
Port P6 
Port P7 
Port P8 
Vcc, Vss 
CNVss 


AVcc, AVss 
V REF 


XIN, XOUT 





ml 


Function 
8-bit programmable I/O pin. (Also used as timer I/O pin.) 
8-bit programmable !/O pin. (Also used as timer !/O and external interrupt input pin.) 
8-bit programmable !/O pin. (Also used as analog input pin.) 
8-bit programmable I/O pin. (Also used as serial I/O pin. 
Supply voltage pins. 5V+10% is applied to Vcc and Vss is connected to GND. 
This pin controls the processor mode. The processor mode is selected by changing the 
input voltage level to this pin (except change after reset start). Refer to section “2.4.2 
Processor modes” for detail information concerning the processor mode. In single-chip mode, 
this pin must be set to the same level as Vss. 
A-D conversion circuit supply voltage pins. Connect AVcc to Vcc and AVss to Vss. 
Reference voltage input pin for the A-D converter. Analog input voltage from Vss level to 
the level of this pin can be converted. Apply any voltage up to Vcc level to this pin. 
Clock I/O pin for the internal oscillator circuit. The M37702 group is equipped with an 
internal clock generator and the oscillating frequency is set by connecting a ceramic resonator 
or quartz crystal oscillator between Xin and Xour. When an external clock is used, the clock 
source should be connected to the Xin pin and the Xout pin should be left open. 
The maximum clock input frequency is 8MHz for M37702M2-XXXFP, 16MHz for 
M37702M2AXXXFP, and 25MHz for M37702M2BXXXFP. 
Reset input pin. Set this pin to “L” level to enter the reset state. Then when this pin is 
returned to “H” level, the reset state is removed and program loading starts from the address 
set in the reset vector. Refer to “Chapter 3. Reset” for the contents of registers immediately 
after returning from reset state. 
Internal bus cycle E is output. 


Ports P5 to P8 have the programmable 1!/O port function as well as special functions such as I/O pins 
for external interrupt, timer, A-D converter, and serial 1/O. When these multiple function ports are used 
as special function output pins, they are automatically set to output mode, but when they are used as 
special function input pins, the port direction register must be set to input mode. The methods for 
selecting special functions are described under each function. 

All ports function as programmable I/O port immediately after returning from reset state. 
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2.5 Input/Output pins 





2.5.3 Single-chip mode pin functions 

In single-chip mode, 68 ports can be used as programmable |/O pins (using multiple function pins as I/O 
ports). 

Figure 2.5.5 shows the pin connection diagram in single-chip mode. 

Table 2.5.4 shows the pin functions depending on processor mode (ports PO to P4, BYTE pin) in single- 
chip mode. Refer to section “2.5.1 Programmable I/O ports” for the programmable I/O port functions. 
Refer to table 2.5.3 for the functions of other pins. 


Table 2.5.4 Functions of ports PO to P4 and BYTE a ee in single-chip mode 


Pin | ——s«Functions Functions 
Port PO 8- eo programmable I/O port | Boas TE bit programmable |/O port 
Port P1 Port P4——-[8-bit programmable 1/O port (Note) 
Port P2 8-bit programmable VO port [8-bit programmable I/O port ss Ignored in single-chip mode 


Note : Port P42 also functions as the clock @g: output pin by program. 


| & |<» P84/CTS1/RTS1 


| B]<> P8s5/CLK1 
| 8 ]<> P86/RxD1 


| |<» P87/TxD1 


| 2|<> P0o 


P83/TxDo «<> [65 | 
P82/RxDo <> {66 | 
_P81/CLKo <> 
P80/CTSo/RTSo <> [68 | 
Vcc 69 | 

AVcc 

VREF —> 


ere M37702M2-XXXFP 


P77/AN7/ADtrRG <> 
P76/ANe <> 
P7s/AN5 <> 


O 


P72/AN2 <> 
P71/ANi <> 80 | 


P62/INTo <»>[~| 
P61/TA4IN <>[& | 


P64/INT2 <>[o] 


P63/INT1 <> 





Fig. 2.5.5 Single-chip mode pin connection diagram 
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2.5 Input/Output pins 


Port P42 can be programmed for the clock ¢: output pin by setting the processor mode register. The clock 
¢1 output starts at the rising edge of bus cycle E that was changed to “L” level to write “1” to the clock @1 
output selection bit in the processor mode register (bit 7 of address 5E1e). 


Writing to the processor 
mode register 


Bus cycle E | | 


NX 


First waveform of ¢1 may be slightly short. 





Fig. 2.5.6 Clock ¢: output start timing 


39 














FUNCTIONAL DESCRIPTION 


2.5 Input/Output pins 





2.5.4 Memory expansion and microprocessor mode pin functions 


The only difference between the memory expansion mode and microprocessor mode is the port P42 
function. 


@ In memory expansion mode......... P42 function is selected by the clock ¢: output selection bit. 
@ In microprocessor mode............... P42 always functions as the clock @¢: output pin (the clock ¢: output 
pin selection bit is ignored). 


The function of each pin except for port P42 is identical in memory expansion mode and microprocessor 
mode. 


In memory expansion mode, there are 38 I/O ports (ports P42 to P47 and P5 to P8). In microprocessor 
mode, there are 37 I/O ports (ports P43 to P47, and P5 to P8). The internal address bus and data bus can 
be used externally in microprocessor mode. | 


Figure 2.5.7 shows the pin connection diagram in memory expansion and microprocessor mode. 


Table 2.5.5 shows the pin functions depending on processor mode (ports PO to P4 and BYTE pin) in 
memory expansion mode and microprocessor mode. 
Refer to Table 2.5.3 for the functions of other pins. 


Table 2.5.5 Pin functions in memory expansion and microprocessor mode 


Pin 
Port PO 
Port Pt 
Port P2 


Port P3 External memory control signal output 


n Functions 

HOLD signal input pin (Note 2 
RDY signal input pin (Note 2) 
Clock ¢: output pin (Note 3) 


BYTE External bus width selection signal input 


Note 1: This may be address bus only depending on the input level of the BYTE pin. 


Note 2 : In memory expansion mode and microprocessor mode, the direction register bits of ports P4o and 
P4: must be set to input mode. 


Note 3: In memory expansion mode, port P42 functions as the clock ¢1 output pin by program. 







UU; UU 

PSESSES 

mo }|—- {oO 
U 
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2.5 Input/Output pins 


eq/ety <>Ls_| 


axed <>[e_ 
LOxused <>[3 | 
IW10/S8d <> | 
ISLUNSLO8d <>[z | 


| 40] <> A20/D4 
| 39) <a» A21/D5 
| 38 |<» A22/De 
<> A23/D7 


N.. 
Lu 
as 
o< 
re 
CN 
= 
N 
oO 
~ 
N 
9 
= 


O 


69 | 
VREF —> 


AVss 


P81/CLKo <> 
Vcc 
AVcc 
Vss 
P77/AN7/ADtrRG <> 


P83/TxDo <> [65 | 
P82/RxDo <> [66 | 
P80/CTSo/RTSo <> [68 | 


P7s/ANs5 <> 
P74/AN4 <> 
P73/AN3 <> 
P72/AN2 <> 
P71/AN1 <> [g0__ 


P76/AN6 «<> 








[- J<> ONV/Ld 





Fig. 2.5.7 Memory expansion and microprocessor mode pin connection diagram 
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2.9 Input/Output pins 


The functions of each pin in memory expansion mode and microprocessor mode are described below. 


(1) Address bus (ports PO, P1, and P2) 
Ports PO, Pi, and P2 become address signal output pins and lose their programmable I/O port 
functions. 
The M37702 group allows direct access to 16M-byte memory space from address 00000016 to FFFFFF ie. 
Therefore, 24 address signals are output externally in memory expansion mode and microprocessor 
mode which allow memory and |/O to be expanded externally. 
Port P1 and P2 also function as data I/O pins as the same time. 


eRe = ppp [se] [s]e [x [| 


High-order address Bo 
Les Middle address . 
Low-order address 


PPPPPPP 
= mmm ll 
mia oo alee 


Port PO 





Fig. 2.5.8 Address bus 


(2) Data bus 
In addition to address signal (high-order and middle address bus) output function, ports P1 and P2 
also function as data I/O pins. The level of the BYTE pin can be used to select between 8-bit or 16- 
bit data bus width. 


@ When the BYTE pin is at “L” level (16-bit external bus width) 

When the BYTE pin is at “L” level, the external bus width is 16 bits and even address data and odd 
address data are output simultaneously. Ports P1 and P2 are used as address bus and data bus, 
and multiplexed (address signal and data signal) signals are output from these ports. 

Port P1 performs time division multiplexing of address (Ais to As) output and data input/output in 
odd address (high-order byte of 16-bit data). Middle address is output while E signal is at “H” level, 
and data input/output in odd address is performed while E signal is at “L” level. 

Similarly, port P2 performs time division multiplexing of address (Aes to Ais) output and data input/ 
output in even address (low-order byte of 16-bit data). High-order address is output while E signal 
is at “H” level, and data input/output in even address is performed while E signal is at “L” level. 


GGG oe aa ea Go 


Data in odd address 






Data in even address 


Fig. 2.5.9 Data bus (when BYTE pin=“L” level) 
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(re 
Port PO ) Low-order address 


Port P1 Middle address Data in odd address 
Port P2 High-order address : Data in even address 


Fig. 2.5.10 Bus timing when external bus width is 16 bits 





@® When the BYTE pin is at “H” level (8-bit external bus width) 
When the BYTE pin is at “H” level, the external bus width becomes 8 bits, and port P2 performs 
time division multiplexing of address (Azs to Ais) output and data I/O. 
Address is output while E signal is at “H” level, and 8-bit data is input/output when E signal is at 


“L” level. 


re ala role 


Port P2 





Fig. 2.5.11 Data bus (when BYTE pin= “H” level) 


Port PO ) Low-order address } 


Port P1 | Middle address 


Fig. 2.5.12 Bus timing when external bus width is 8 bits 
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2.5 Input/Output pins 


(3) Port P42 
Port P42 has a different function between memory expansion and microprocessor mode. 
In memory expantion mode, port P42 functions as the clock ¢: output pin by setting the clock ¢1 output 
selection bit in the processor mode register to “1”, and as programmable |/O port by setting the clock 
gi Output selection bit to “O”. In microprocessor mode, port P42 always functions as the clock ¢: output 
pin regardless of the clock @: output selection bit. 
(4) R/W output pin 
A read/write signal indicating the data bus direction is output. The data bus is read when the level of 
this pin is at “H”, and data is written to data bus when it is at “L”. This signal is used for external 
memory input/output requests. 


+ atl 


(5) BHE output pin 
A byte high enable signal is output. This pin is at “L” level when an odd number address is accessed. 
This signal is used to expand the 8-bit memory and I/O when the external bus is used at 16-bit width. 


Refer to section “Chapter 7. Application” for memory and I/O expantion method. 


~~ 


(6) ALE signal output pin 
This signal is used to obtain only address signal from the multiplexed signals of ports P1 and P2. A 
latch is opened externally when the ALE signal is at “H” level to obtain the address data and the 
latched content is held while the ALE signal is at “L” level. 


(7) HOLD input pin 
This pin is used to input the hold request signal. The microcomputer becomes Hold state while this 
pin is at “L” level. 
Refer to section “2.12 Hold function” for details. 


(8) HLDA signal output pin 
This pin is used to externally output the hold acknowledge signal. The hold acknowledge signal 
indicates that “L” level is input to the HOLD pin and the microcomputer is in Hold state. An “L” level 
is output from this pin while the microcomputer is in Hold state. 





(9) RDY signal input pin 
This pin is used to input the ready signal. The bus cycle E can be stopped (Ready state) when “L” 
level is input to this pin. The port and bus status at inputing “L” level to the RDY pin is maintained while 
in Ready state. The RDY signal is used when slow memory is externally connected. 
Refer to section “2.13 Ready function” for details. 


(10) E output pin 
This pin is used to output the enable signal. Data input/output is performed when the output of this 
pin is at “L” level. This signal controls the time division multiplexing of address information and data. 


(11) BYTE pin 
This pin is used to input the byte enable signal. The input level to this pin determines whether the 
external memory is used with 16-bit data width or 8-bit. When the BYTE pin input level is at “L”, the 
data width is 16 bits, and ports P1 and P2 become the data I/O pins (data bus). When the BYTE pin 
input level is at “H”, the data width is 8 bits and port P2 becomes the data I/O pin (data bus). 
However, the data width is always 16 bits regardless of the BYTE pin level when accessing an 
internal memory. 


(12) CNVss pin 
This pin controls the microprocessor operating mode. Memory expansion or microprocessor mode is 
selected by changing the processor mode bit in the processor mode register after reset start with 
setting this pin to the same level as the Vss pin. 
The microprocessor mode can also be selected by reset start with setting this pin to the same level 
as the Vcc pin. This pin must be set to Vcc level for external ROM version models such as the 
M37702S1FP (refer to section “2.4.2 Processor modes’). 


FUNCTIONAL DESCRIPTION 
2.6 Interrupts 





2.6 Interrupts 

The suspension of the current operation in order to perform another operation due to a certain event is 
referred to as an “interrupt”. Interrupt is used when there is a request to execute a higher priority routine 
or when an operation must be performed at a certain timing. 


2.6.1 Interrupt functions 

The M37702 group has 19 different sources of interrupts. When an interrupt is generated, a branch is made 
to the address (branch address) corresponding to the source. The branch address must be stored in the 
interrupt vector table. The interrupt vector table is allocated at address FFD616 to FFFFie in bank 0. When 
writing programs, branch must be made to the address in the interrupt vector table corresponding to each 
interrupt (interrupt vector address). The branch address is the start address of the interrupt handling 
routines (interrupt service routine). Figure 2.6.1 shows the interrupt mechanism. 


Executing routine 


Interrupt service routine 


Interrupt processing 


Interrupt 
Suspend operation 


Resume processing End interrupt processing 


RTI instruction 





Fig. 2.6.1 Interrupt mechanism 
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When an interrupt is accepted, the contents of the following registers before the interrupt are stored to the 
stack area in the order O+@->®. 


@ Program bank register’ (PG) 

@ Program counter (PCr, PCx) 

@ Processor status register (PS., PS) 
The procedure for storing these registers depends on whether the content of the stack pointer S is even 
or odd. When the content of the stack pointer S is even, the content of the program counter PC and 
processor status register PS are stored in 16-bit unit. When the content of the stack pointer S is odd, they 
are stored in 8-bit unit. Figure 2.6.2 shows the status of the stack area when an interrupt is accepted. 
When interrupt processing completes, the contro! must be returned to the original routine to resume 
processing. Therefore, the RTI instruction is used to return to the original routine and the above registers 
stored to the stack area are restored in the order of @~@-—@ to resume operation. 


Only ‘the above registers © to @ are stored automatically when an interrupt is accepted. The user is 
responsible for storing other necessary registers. 


Address a: aa 


( 
S—1 High-order byte of program counter (PCH 


S Program bank register (PG) 


Note :S indicates the initial value at accepting the interrupt. 





Fig. 2.6.2 Content of the stack area when an interrupt is accepted 
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2.6.2 Sources of interrupts 
Table 2.6.1 shows the sources of interrupts and the corresponding vector address. Store the start address 
of the interrupt service routine at the vector address shown in this table. 


Table 2.6.1 Interrupt Sources and vector address 


Vector address 


Interrupt source Remarks 
address address 
Reset (Note 1) Non-maskable 
Zero divide Non-maskable software interrupt 
BRK instruction Non-maskable software interrupt 
DBC (Note 2) Not used normally 
OOFFF7 16 Non-maskable interrupt 


Watchdog timer 














INTo OOFFF516 OOFFF41e External interrupt due to INTo pin input signal 
INT: OOFFF316 OOFFF21e External interrupt due to INT pin input signal 


INT2 OOFFF116 External interrupt due to INT pin input signal 
Timer AO Timer AO internal interrupt 
Timer A1 Timer A1 internal interrupt 
Timer A2 Timer A2 internal interrupt 
Timer A3 Timer A3 internal interrupt 
Timer A4 Timer A4 internal interrupt 
Timer BO Timer BO internal interrupt 
Timer B1 Timer B1 internal interrupt 
Timer B2 Timer B2 internal interrupt 








UARTO receive Valid only when the UARTO function is selected. 
UARTO transmission 

UART1 receive Valid only when the UART1 function is selected. 
UART1 transmission 

A-D conversion Internal interrupt that occurs when A-D conversion completes. 


Note 1 : Reset is included in this table. 
Note 2 : The DBC interrupt is a debug control interrupt and is not normally used. 
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Each interrupt source is described below. 


(1) Internal interrupt 
Table 2.6.2 shows the sources of internal interrupt. 


Table 2.6.2 Internal interrupt sources 


Interrupt Interrupt source 
Zero divide Occurs when 0 is specified as the divisor for a DIV instruction. 
(See “MELPS 7700 Software Manual”) 
BRK instruction Occurs when a BRK instruction is executed. (See “MELPS 7700 Software Manual”) 
Watchdog timer Occurs when the topmost bit of the 12-bit watchdog timer becomes “0”. 
(See section “2.12 Watchdog timer”) 
Timer Ai Occurs when timer Ai (i=0 to 4) underflows or overflows. (See section “2.7 Timer A”) 
Timer Bi Occurs when timer Bi (i=0 to 2) underflows or overflows. (See section “2.8 Timer B”) 
UARTi receive Occurs during UARTi (i=0,1) receive. (See section “2.9 Serial |/O” 
UARTIi transmission} Occurs during UARTi (i=0,1) transmit. (See section “2.9 Serial I/O”) 
A-D conversion Occurs when A-D conversion completes. (See section “2.11 A-D Converter’) 


(2) External interrupt (INTo to INT2 interrupts) 

There are three external interrupts (INTo to INTz). These interrupts are generated by input level or input 
edge to pins INTo to INTz. The interrupt sources can be selected by using bits 4 and 5 of the INTi (i=0 
to 2) interrupt control register shown in Figure 2.6.4. Table 2.6.3 shows the sources of INTi interrupts. 
Pins INTo to INT2 are shared with ports P62 to P6s. Therefore, the corresponding bit in the port P6 
direction register must be cleared to “0” in order to use these pins as external interrupt input pins. If 
the INTi interrupts are not used, the INTi interrupt priority (see next section) should be set to 0 because 
the INTi interrupts always monitor the status of ports P62 to P64 to raise interrupt requests. 











The input signal to the INTi pins must have pulse width greater than 250ns at “H” level or “L” level 
regardless of the source oscillating frequency f({Xin). 


Table 2.6.3 INTi Interrupt sources 


b5 Interrupt source 
0 | 0 | Falling edge of the signal input to the INTi pin 
0 Rising edge of the signal input to the INTi pin 
1 | 0 | When the INTi pin level becomes “H” 
1 When the INTi pin level becomes “L” 
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2.6.3 Interrupt control 

The enabling and disabling of interrupts are controlled by the interrupt request bit, interrupt priority level, 
processor interrupt priority (IPL), and interrupt disable flag (1) (excluding some software interrupts). The 
interrupt disable flag and the processor interrupt priority level are assigned to the processor status register 
(PS). The interrupt request bit and the interrupt priority level are assigned to the interrupt control register 
of the respective interrupt. Figure 2.6.3 shows the memory map of the interrupt control register and Figure 
2.6.4 shows the structure. However, there is no interrupt control register for non-maskable interrupts such 
as zero divide interrupt, BRK instruction interrupt, and watchdog timer interrupt. 


© Non-maskable interrupt: An interrupt that causes branch to the interrupt service routine regardless of 
the interrupt control flags. 
@ Maskable interrupt: An interrupt that can be disabled with the interrupt control flags. 


Address | 
7016 
7116 
7216 
1316 
1416 


[RD conversion erupt contol reser —_| 


1616 
77116 
1816 
7916 
7At6 


Fig. 2.6.3 Interrupt control register memory map 


— 7516 | Timer AO interrupt control register 
i 
: Timer Ai interrupt control register 
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@A-D conversion, UARTO and 1 transmission, UARTO and 1 receive, timers AO to A4, timers BO to B2 
interrupt control registers 


_b7 b6 bS5 b4 b3 b2 bt 


eiererrrecyrererereleecere Weve Pus ce ree 
BES bo och _ _ 


( address 7016 to 7C16) 







Interrupt priority level selection bits 


Interrupt request bit 
0 : No interrupt request 
1 : Interrupt request. 


Note: Bits 4 to 7 are undefined at reading. 
Bits 0 to 3 are cleared to “O” at reset. 


@INTo to INT2 interrupt control registers 
b2 bi 


b4 


Interrupt priority level selection bits 


b7 b6 





Interrupt request bit 
0 : No interrupt request - 
1: Interrupt request 


Level/edge selection bit 

0 : Set interrupt request bit at “H” level for level 
sense and the falling edge for edge sense. 

1 : Set interrupt request bit at “L” level for level 
sense and the rising edge for edge sense. 


Level sense/edge sense Selection bit 
0 : Edge sense 
1 : Level sense 


Note: Bits 6 and 7 are undefined at reading. 
Bits 0 to 5 are cleared to “O” at reset. 


Fig. 2.6.4 Interrupt control register structure 
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2.6 Interrupts 


The interrupt control bits are described below. 


(1) Interrupt disable flag (I flag) 


(2 


) 


The interrupt disable flag (I flag) is assigned to the processor status register bit 2. This flag can be 
used to disable all maskable interrupts. All maskable interrupts are disabled when the | flag is set to 
“4” and enabled when it is cleared to “O”. This flag is set to “1” at reset and must be cleared to “0” 
if interrupts are to be enabled. 


Interrupt request bit 

When an interrupt request occurs, the interrupt request bit which is bit 3 of the corresponding interrupt 
control register is set to “1”. The interrupt request bit remains set until the interrupt is accepted, and 
is cleared to “O” when the interrupt is accepted. This flag is used to indicate that an interrupt request 
has occurred. This bit can also be set or cleared by program. 

The INTi interrupt request bit has a function different from the above description when used in level 
sense mode. 


@INTi interrupt request bit 


When the INTi interrupt is used in level sense mode (level sense/edge sense selection bit set to “1”), 
the INTi interrupt request bit becomes a status bit indicating the status of the INTi input pin (ports P62 
to P6a). 

Therefore, the INTi interrupt request bit is set to “1” when the INT: input pin level is “H’, and to “O” when 
it is “L” regardless of whether an interrupt request occurs or is accepted. 


51 








FUNCTIONAL DESCRIPTION 


2.6 Interrupts 





(3) 


Interrupt priority level and processor interrupt priority level (IPL) 

An interrupt priority level between 0 and 7 can be assigned to each interrupt by using the interrupt 
priority level selection bits which are assigned to bits 0 to 2 of each interrupt control register. When 
an interrupt request occurs, this priority level is compared with the processor interrupt priority level 
in the processor status register. 


Interrupt priority level > Processor interrupt priority level (IPL) 


An interrupt is enabled when the above condition is satisfied. Therefore, an interrupt can be disabled 
by setting its priority level to 0. 

The interrupt disable flag, interrupt request bit, interrupt priority level, and IPL are independent of each 
other and do not affect each other. An interrupt is generated only when all of these bits are properly 
set. These bits can be used to control interrupt priorities in a variety of ways by program. 

Table 2.6.4 shows the setting of interrupt priority levels and Table 2.6.5 shows the interrupt enable 
levels corresponding to IPL setting. 


Table 2.6.4 Setting of interrupt priority level 


Interrupt control aa 
b2 


ajaja|/ajolololo 


interac priority level Priority 


a Level 0 (Interrupt disabled) — 
a ee ee a ee Low 
(ee ee ae 


ede OE LGV! Oe a oe 
eee ay UCI en ee a ee ek High 


Table 2.6.5 Interrupt enable levels corresponding to IPL setting 


IPL2 Enabled interrupt priority level 
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pf Enable level 1 and above interrupts. 
be SiO ine lesa aed 


Enable level 2 and above interrupts. 
| 1 | 0 | Enable level 3 and above interrupts. 
Enable level 4 and above interrupts. 
| 0 | 0 | Enable level 5 and above interrupts. 
| 0 | 4 | Enable level 6 and above interrupts. 
| 1 | 0 | Enable level 7 interrupts. 

Disable all maskable interrupts. 


IPLo: Processor status register bit 8 
I[PL1: Processor status register bit 9 
IPLe: Processor status register bit 10 


FUNCTIONAL DESCRIPTION 
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2.6.4 Interrupt priority level 

All interrupts have an assigned priority level. When more than one interrupt request occurs during the same 
sampling interval (interval in which interrupt requests are checked) while all interrupts are enabled, the one 
with the highest priority is accepted. 

The priority level of all of the 19 sources except for software interrupts (zero divide and BRK instruction 
interrupt) and watchdog timer interrupt can be set by program using the interrupt priority level selection bits 
in the interrupt control register. Reset (highest priority) and watchdog timer interrupt priorities are set by 
the hardware. Figure 2.6.5 shows the hardware controlled interrupt priorities. 





Interrupt priorities inside the dotted line are user settable 


Fig. 2.6.5 Hardware controlled interrupt priorities 


2.6.5 Interrupt priority level detection circuit 

The M37702 group is equipped with an interrupt priority level detection circuit to select the highest priority 
when more than one interrupt request occurs during the same sampling interval. Figure 2.6.6 shows the 
interrupt priority level detection circuit. 
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Level zero 
Interrupt priority level (initial value) Interrupt priority level 
Seep tat a ee ee me | ee et eee Ree oo ee ee 


A-D conversion Timer A4 


Zz Zz 
— no 


—— 
Py 
— oe eee oe ree rc eo eee eee eee ie 


UART1 transmission Timer A3 


UART1 receive Timer A2 


UARTO transmission Timer At 


UARTO receive Timer AO 


| 
| 
| 
Timer B2 | 
| 
| 
| 


Timer B1 


Timer BO 


Zz 
+ 
oO 


rund md wid wed sae dn de 


IPL 


Processor interrupt priority 


The highest priority interrupt 


<ExKEKE<E<EKEKEKEX< 


Interrupt e > 


disable flag 
Watchdog timer ) > The occurrence of interrupt 


Reset 


Fig. 2.6.6 Interrupt priority level detection circuit 
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Interrupt source Y 


Comparator X:The highest priority level at this point 
(Priority Y:Priority level of interrupt source Y 
detection) Z:The highest priority level at this point 


Z 
@ If X2Y then Z=X 


@ If X<Y then Z=Y 


[ Relation when the software set priority levels are same ] 


INTo < INT: < INT2 < Timer AO < Timer A1 < Timer A2 < Timer A3 < Timer A4 < Timer BO < Timer B1 
< Timer B2 < UARTO receive < UARTO transmission < UART1 receive < UART1 transmission < A-D conversion 





Fig. 2.6.7 Interrupt priority level detection model 


The priority level of the requested interrupt (Y in Figure 2.6.7) (initial priority level is 0) is compared with 
the priority of the upstream interrupt (X in Figure 2.6.7) in the order shown in Figure 2.6.6 and the higher 
level interrupt is sent downstream for comparison with next interrupt (Z in Figure 2.6.7). Unrequested 
interrupts are not compared and upstream interrupt is passed unchanged to downstream. If the priority 
levels are equal, the upstream interrupt is selected. Therefore, the following relation exists if the software 
set priority levels are the same. 


INTo < INTi1 < INT2 < Timer AO < Timer A1 < Timer A2 < Timer A3 < Timer A4 < Timer BO < Timer B1 < 
Timer B2 < UARTO receive < UARTO transmission < UART1 receive < UART1 transmission < A-D conversion 


When there are multiple interrupts during the same sampling interval, the interrupt with the highest priority 
is selected as the result of this comparison. Then, that interrupt is enabled and its interrupt service routine 
is executed if its interrupt priority level is higher than the processor interrupt priority level (IPL) and the 
interrupt disable flag is “OQ”. 

The detection of interrupt priority level is synchronized with the sampling pulse generated during the 
operation code fetch cycle. While the interrupt level is being checked, the interrupt request bit and the 
interrupt priority level are latched so that they do not change. They are sampled at the first half of the 
operation code fetch cycle and latched from the second half to the end of the level detection. Note that 
while the priority is being checked, no sampling pulse is generated even when it is the operation code fetch 
cycle. (See Figure 2.6.8.) 
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2.6.6 Interrupt priority level detection time 
With the M37702 group. the time which it takes for the interrupt priority level detection circuit to determine 
the level of an interrupt can be set by program. Figure 2.6.8 shows the interrupt priority level detection 
time. The detection time can be set to 7, 4, or 2 cycles according to the content of the interrupt priority 
level detection time selection bits (bits 4, and 5 at address 5E16) in the processor mode register. The 
interrupt priority level detection time selection bits are cleared to “OO” at reset. 

(1) Interrupt priority detection time selection bits 


b4 b3 b2_ bt 


peeves Processor mode register (address 5E16) 


Processor mode bits 
Wait bit 
Software reset bit 


Interrupt priority detection time selection bits 
00 : 7 cycles at internal clock @ ( (a) in (2) ) 
O01 : 4 cycles at internal clock @ ( (b) in (2) ) 
10 : 2 cycles at internal clock @ ( (c) in (2) ) 
11: This can not available. 


Note : 1 cycle= @ = f(XIN)/2 


Fix this bit to “O”. 


Clock ¢1 output selection bit 


(2) Priority level detection time 


Internal clock @ | | | | | | | | | | | | | | | | | | 
Operation code fetch cycle | | | | 
r-7 
Sampling pulse | | 1 1 (Note 1) 
(a) 7 cycles | | 
Priority 
level (b) 4 cycles | | 
detection 
time 
(c) 2 cycles | | | | 


Note 1 : Pulse exists if 2 cycles is selected for priority level detection time. 


Fig. 2.6.8 Interrupt priority level detection time 
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2.6.7 Interrupt processing sequence 

The sequence of events from the receiving of interrupt by the main routine to the start of the interrupt 
routine is referred to as the interrupt processing sequence. 

When an interrupt is accepted, interrupt processing starts from the next cycle of the interrupted instruction. 
Figure 2.6.9 shows the interrupt processing sequence. 

After execution of an interrupted instruction completes, an INTACK (Interrupt Acknowledge) sequence is 
executed and control is passed to the beginning of the interrupt service routine. The INTACK sequence 
operates as follows. 


@ The content of the program bank register (PG) just before the INTACK sequence is stored to stack. 

@ The content of the program counter (PC) just before the INTACK sequence is stored to stack. 

@ The content of the processor status register (PS) just before the INTACK sequence is stored to stack. 

@ The interrupt disable flag is set to “1”. 

© The interrupt request bit of the accepted interrupt is cleared to “Q”. 

© The priority level of the accepted interrupt is set in IPL. 

@ The content of the program bank register (PG) is set to “OO16” and the interrupt vector address is loaded 
in the program counter (PC). 


The INTACK sequence requires a minimum 13 cycles (1 cycle=¢=f(Xin)/2). Figure 2.6.10 shows the 
INTACK sequence timing. 


The interrupt service routine is started after completing the INTACK sequence. 


Interrupt request is accepted. 
Interrupt t Occurs. @ 


== INTACK sequence Instructions in interrupt service routine 


L fivsiucmoecetaeenaenea processing sequence 
cs $ 


@ : Interrupt priority level detection 





Fig. 2.6.9 Interrupt processing sequence 
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ea eed Mee ae ele Ped Vey eal Wa Teal fect Sh es) Ta 
¢cpu 
High-order 8 bits of 
ioCPUniomal r= X © Xe Xe XeXaXeXeXeX # X ©) 


Low-order 16 bits of 
address ‘AHAL 

CPU internal data | 

Vect t Not 
busDATA —_X__Notused_—) scaross XPS MK uso MPOHPCX used X PSK used A  Notused —K—ADWADL—X PSogo 
| 
Interrupt disable Se ee eh te ef ~!UC™C~*~C*=<“‘<i<i‘<=<=C=CSCStéi‘i‘iéi‘iézé™S 

flag | 


Fig. 2.6.10 INTACK sequence timing 





(1) Change in IPL when an interrupt is generated 
When an interrupt is accepted, the IPL in the processor status register is replaced by the priority level 
of the accepted interrupt. 
lf the interrupt is a reset, watchdog timer, or software interrupt, the value shown in Table 2.6.6 is set 
in the IPL. This operation is meaningful when multiple interrupts are used (refer to section “2.6.9 
Multiple interrupts”). 


Table 2.6.6 Change in IPL when an interrupt is generated 


Interrupt source Change in processor interrupt level 
Reset 0 (0002) 
Watchdog timer 7 (1112) 
Zero divide No change 
BRK instruction No change 
Other interrupts Priority level of the accepted interrupt 
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(2) Storing registers 
The register storing operation performed during INTACK sequence depends on whether the content 
of the stack pointer S at the time of accepting interrupt is even or odd. 
When the content of the stack pointer S is even, the 16-bit contents of the program counter PC and 
processor status register PS are stored simultaneously at each other. When the content of the stack 
pointer S is odd, they are stored in 8-bit unit. Figure 2.6.11 shows the register storing operations. 
In the INTACK sequence, only the contents of the program bank register PG, program counter PC, 
and the stack pointer S are stored to stack area. Other registers must be stored at the beginning of 
the interrupt service routine as necessary. 
The M37702 group provides a PSH instruction which stores all registers except for the stack pointer 
with a single instruction. 


(1) Stack pointer S is even 


Address Pe oie le store order 
even Processor status register PSL (low-order) 
@Store simultaneously 


—4 ( 

S-3 (odd) Processor status register PSH (high-order) 
2 ( 
=1{ 


even) Program counter PCL (low-order) 
@Store simultaneously 
odd) Program counter PCH (high-order) 


S (even) -: bank register PG <q— @ 


Storing completes for 3 cycles. 


(2) Stack pointer S is odd 


Address Store order 


a —s 

‘amas va 

S-2 (odd) <—@ [Store by each 8 bits 

(or —s 

Sas =< 
ee 


Storing completes for 5 cycles. 





Fig. 2.6.11 Register storing operation 
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2.6.8 Returning from an interrupt service routine : 

An RTI instruction is used at the end of the interrupt service routine to return to the interrupted routine and 
continue processing. The RTI instruction restores the contents of the program bank register PG, the 
program counter PC, and the processor status register PS stored before entering the interrupt service 
routine to their original registers. 

The registers stored within the interrupt service routine must be restored with the PUL instruction before 
executing the RTI instruction. The status of other interrupt request bits are retained after branching to the 
interrupt service routine. Therefore, if these interrupts are to be disabled after returning, these request bits 
must be cleared to “0” before executing the RTI instruction. 


2.6.9 Multiple interrupts 

The interrupt disable flag | is set to “1” in order to 
disable further interrupts and the interrupt request 
bit of the accepted interrupt is cleared to “0” when 
a branch is made to an interrupt service routine. 
However, if there are multiple interrupts, the interrupt 
request bit of the interrupt that was rejected by the 
priority detection circuit remains set to “1”. 

The IPL (processor interrupt priority level) in the 
processor status register changes to the priority of 
the accepted interrupt. Therefore, if the interrupt 
disable flag | is cleared to “0” in the interrupt handling 
routine for the accepted interrupt, interrupts with 
priority higher than the current interrupt can be 
accepted as long as IPL is unchanged. This is referred 
to as multiple interrupts. 

Figure 2.6.12 shows the multiple interrupt mechanism. 


= U 

eed | Th 

PEEP PALL, oo r Fos 
io) 


PEE EMEP 


eit 


Interrupt 3 cannot be 
accepted because the 


RTI instruction priority of interrupt 3 is 
lower than interrupt 1's. 


| : Set automatically 
[ : Set by program 





Fig. 2.6.12 Multiple interrupt 
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2.6.10 Interrupt response time and interrupt delay time 

When an interrupt request occurs, the priority must be checked and the INTACK sequence must be 
executed before interrupt service routine can start. The interval between the interrupt request and the start 
of the interrupt service routine is referred to as the interrupt response time. This is shown in Figure 2.6.13. 
Interrupt priority detection is performed at the beginning of each instruction and during the INTACK sequence. 
This is performed in parallel with the instruction execution. Therefore, the interrupt response time is the 
sum of @ through @ as follows (in Figure 2.6.13): 


@ The interval from the time of the interrupt request until the instruction being executed completes. 


@ The interval from the start of the next instruction (start of interrupt priority detection) until the end of 
the instruction being executed at the end of priority detection. 


@ Time required to execute the INTACK sequence (13 cycles minimum, 15 cycles maximum). 


If registers are stored at the beginning of the interrupt service routine, the time required for this operation 
(context switching time) must also be added. The sum of the interrupt response time and the context 
switching time is the interrupt delay time (see Figure 2.6.13). This is the time required for the interrupt 
processing program to start after an interrupt request occurs. The interrupt delay time is expressed by the 
following equation. 


Interrupt delay time=(time required to execute instruction 1) + (time required to execute instruction 
2) — 0.54 + (INTACK sequence interval) + (context switching time) 


Interrupt request is accepted. 
Interrupt request occurs. i 
® 


. . , Instructions in interrupt 
Instruction 1|Instruction2 | INTACK sequence |,....., service routine 


switching time 


| 


Interrupt response time 


Interrupt delay time 


@ : Interrupt priority level detection 





Fig. 2.6.13 Interrupt response time and interrupt delay time 
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[Precautions when using interrupts] 


1. When the INTi interrupt is used in level sense mode, the INTi interrupt request bit functions as a status 
bit which indicates whether the INTi pin level is valid or invalid. It is set to “1” while valid and to “0” while 
invalid. After an interrupt is accepted, the interrupt request bit remains set to “1” while valid level is 
supplied to the INTi pin. 

The interrupt request is not retained when changing from valid level to invalid level if no interrupt is 
generated during valid level. Figure 2.6.14 shows the INTi interrupt during level sense mode. 

If the level of the INTi pin is valid (did not change from valid level to invalid level) when returning to the 
original routine after processing an interrupt, another interrupt is generated as shown in Figure 2.6.15. 


Interrupt 1"(disable) rn ed 
disable flag | 
| g “O"(enable) 
= Valid : zr 
INTi pin level + a 
Invalid ; eee WS 
Interrupt | ‘ ; 


N van 
\ 


Interrupt enable interval 


request bit 
“OQ” 


. 
= 


This interrupt request is not retained because INT: 
pin returns to invalid level before accepting the 
interrupt request. 


Fig. 2.6.14 INTi Interrupt during level sense mode 


Detect interrupt 


Return to original routine 


Valid \ 
INTi pin level 


Invalid 


Interrupt service routine 


RTI RTI RTI 
instruction instruction | instruction 





Fig. 2.6.15 Repeating INTi interrupt (level sense) 
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2. To change the INTi interrupt from level sense to 
edge sense, set the INTi interrupt control register 
in the sequence shown in Figure 2.6.16. 


Set the interrupt priority level to level 0 
( Disable INTi interrupt ) 


Set the level sense/edge sense selection bit to “0” 
( Select edge sense ) 


Clear the interrupt request bit to “O” 
Set the interrupt priority level to level 1 to 7 
( Enable INTi interrupt ) 


Fig. 2.6.16 Level/Edge sense switching flow 





3. To change the INTi interrupt phase, set the INTi 
interrupt contro] register in the sequence shown 
in Fig. 2.6.17. 


Set the interrupt priority level to level 0 
( Disable INTi interrupt ) 


Set the level/edge selection bit 


Clear the interrupt request bit to “O” 


Set the interrupt priority level to level 1 to 7 
( Enable INTi interrupt ) 





Fig. 2.6.17 Phase switching flow 
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2.7 Timer A 
Timer A consists of five 16-bit timers (timers AO to A4). External output is the main function of these timers. 
Timers AO to A4 operate independently and each can operate in one of four different modes. 


2.7.1 Timer A description 

Timer Ai (i=0 to 4) has four operating modes as described below. These timers have identical functions 
except the two-phase pulse signal processing function in event counter mode. 

The timer I/O pins are shared with ports P50 to P57, P60, and P6:. 
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@Timer mode 


This mode counts the selected internal clock. The counter is decremented by 1 each time a count 
source (selected clock) is input and a timer Ai interrupt request occurs when the content of the counter 
reaches 000016 — reload value “n” (hereafter referred to as underflow). Gate function (control count 
operation with the input level to the TAiin pin) and pulse output function (output from the TAjiour pin, a 
signal that changes phase each time the counter underflows) are available and can be selected by 
program. 


@Event counter mode 


This mode counts the external clock input to the TAimn pin. The counter can be incremented (add 1 to 
the content of the counter with each clock input) or decremented (subtract 1 from the content of the 
counter with each clock input) by program or with an external signal. In case used as an increment 
counter, a timer Ai interrupt request occurs when the counter reaches FFFFie — reload value “n” 
(hereafter referred to as overflow). In case used as a decrement counter, a timer Ai interrupt request 
occurs when the counter underflows. In addition, the pulse output function (output from the TAjiour pin, 
a signal that changes phase each time the counter underflows or overflows) can be selected by pro- 
gram. Timers A2, A8, and A4 also have two-phase pulse signal processing function which controls the 
counter increment/decrement by a two-phase signal with the phases shifted by 90 degrees. 


@One-shot pulse mode 


In this mode, the timer is driven by an internal or external trigger and “H” level is output from the TAiout 
pin for an arbitrary ‘interval. 


@Pulse width modulation (PWM) mode 


In this mode, an arbitrary pulse width signal is output repeatedly from the TAiout pin. PWM output is 
started by an internal or external trigger. 
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2.7.2 Block description 
Figure 2.7.1 shows the block diagram of timer Ai. It is followed by the description of timer Ai related 
registers. 


Count source Data bus(odd) 
fo___selection bit 
—_——o 


f16—___» Data bus(even) 


f 64 5 
[ideas (Low-order 8 bits) ir lr (High-order 8bits) 
Aimer mode | Reload register(16) | 
One-shot pulse mode 
Timer{gate function) a. - . Interrupt 


| Counter(16) 16) 


: request bit 
Polarity Event counter mode SS selection(always 
switching 


Count start flag decrement except for 
event counter mode) 





External trigger 


Down oe 
Up-down flag‘ 


Pulse output 
Toggle 
: 





Fig. 2.7.1 Timer Ai block diagram 
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(1) Counter and reload register (timer Ai register) 


Timer Ai counter and reload register consist of 16 bits. The counter counts the selected count source 
and its content is decremented by 1 each time a count source is input. In event counter mode, it can 
also function as an increment counter and the counter is incremented by 1 each time a count source 
is input. The reload register is used to store the initial value of the counter. The content of the reload 
register is reloaded into the counter when the counter underflows (or when it overflows in case used 
as an increment counter in event counter mode). 

The content of the counter changes each time Table 2.7.1 Timer Ai register memory allocation 


a count source Is input, but the content of the ‘Timer Ai register Low-order byte 
reload register remains unchanged. Timer AO register Address 4616 
Values are stored in. the counter and reload Timer At register Address 4816 
registers by writing to the timer Ai register. Timer A® register Address 4Aic 
Table 2.7.1 shows the memory allocation of Fjmer a3 register Address 4Cic 


timer Al register. Timer A4 register| Address 4Fie | Address 4Ete 
The value written in timer Ai register when the , 


timer is not operating is stored in the counter 

and reload register. The value written in timer Ai register when the timer is operating is stored only 
in the reload register. In this case, the updated value is transferred to the counter during next reload. 
lf the timer Ai register is read, the result depends on the operating mode. Table 2.7.2 shows results 
of timer Ai register read and write. 

The value of the timer Ai register is undefined at reset. Therefore, the counter and the reload register 
must be initialized when first using timer Ai. 


Table 2.7.2 Timer Ai register read and write 





Timer mode 
Event counter mode 


Mode Read Write 
<Timer operating> 


Read timer counting value Write to reload register 


-sh | 
One-shot pulse mode Basaunceheawalne <Timer halted> 


Pulse width modulation mode | 


66 


Write to reload register and counter 


FUNCTIONAL DESCRIPTION 
2./ Timer A 





(2) Count start flag 
The count start flag (address 4016) separately controls starting/stopping of each timer. Each bit cor- 
responds to one of the timers. 
A count source is input to the counter when this flag is set to “1” and disabled when it is set to “0”. 
Figure 2.7.2 shows the structure of the count start flag. 


b6 b2 


Timer AO count start flag 
Timer A1 count start flag 
Timer A2 count start flag 
Timer A3 count start flag 
Timer A4 count start flag 
Timer BO count start flag 
Timer B1 count start flag 
Timer B2 count start flag 
















Note: This register is cleared to “0016” at reset. 


Fig. 2.7.2 Count start flag register structure 


(3) One-shot start flag 
The one-shot start flag (address 4216) generates a software trigger used in one-shot pulse mode. 
When a corresponding one-shot start flag to each timer is set to “1” in case software trigger is 
selected, a software trigger starting one-shot pulse output is generated. Refer to section “2.7.5 One- 
shot pulse mode” for more information. 
Figure 2.7.3 shows the structure of the one-shot start flag. 


b3 b2 bt 


sesentttesstnee BASGRe SSSR SAE SAREESSS ES 


eset Sseonetet 
_ _ m s Grrteee 
= CaS hae 
BS Bes 


One-shot start flag (address 4216) 


Timer AO one-shot start flag 
Timer A1 one-shot start flag 
Timer A2 one-shot start flag 
Timer A3 one-shot start flag 
Timer A4 one-shot start flag 


Note: Bits 5 to 7 are undefined at reading. 
Bits 0 to 4 are cleared to “0” at reset. 





Fig. 2.7.3 One-shot start flag register structure 
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(4) Up-down flag 
The up-down flag (address 4416) is a register consisting of up-down flags and two-phase pulse signal 
processing selection bits used in event counter mode. Figure 2.7.4 shows the structure of the up-down 
flag register followed by a description of each bit. 


b4 pb b2 bt 


b7 b6 ~~ bd 3 bO 


Timer AO up-down flag 
Timer A1 up-down flag 
Timer A2 up-down flag 


Timer A3 up-down flag 

Timer A4 up-down flag 

Timer A2 two-phase signal processing selection bit 

Timer A3 two-phase signal processing selection bit 

Timer A4 two-phase signal processing selection bit 
Note: This register is cleared to “0016” at reset. 





Fig. 2.7.4 Up-down flag register structure 


@Timer Ai up-down flags (bits 0 to 4) 
These flags are valid in event counter mode when the count up-down flag is selected as the increment/ 
decrement trigger. The counter of the corresponding timer is decremented when this flag is “O” and 
incremented when it is “1”. 


@Two-phase signal processing selection bits (bits 5 to 7) 
In event counter mode, these bits select the two-phase pulse signal processing function which controls 
the counter using two-phase pulse with their phases shifted by 90 degrees. This bit can be an only 
written to. The corresponding timer operates with the two-phase pulse signal processing when this bit 
is set to “1”. This bit must be set to “0” when the two-phase pulse signal processing function is not 
used and in modes other than event counter mode. It is cleared to “O” at reset. 
Use LDM and STA instructions to write to this bit. Do not use SEB and CLB instructions. 


(5) Timer Ai mode register 
The timer Ai mode register (address 56:16 to 5Ai6) consists of operating mode selection bits, count 
source selection bits, and timer function selection bits. 
Figure 2.7.5 shows the structure of the timer Ai mode register. The operating mode selection bits and 
count source selection bits are described below. The functions of bits 2 to 5 depend on the operating 
mode and are described under the description of each operating mode. 


68 


FUNCTIONAL DESCRIPTION 
2./ Timer A 


Timer AO mode register (address 5616) 
Timer A1 mode register (address 5716) 
IW | Timer A2 mode register (address 5816) 

Timer A3 mode register (address 5916) 
Timer A4 mode register (address 5A16) 

Operating mode selection bits 

00 : Timer mode 

01 : Event counter mode 

10 : One-shot pulse mode 


11: Pulse width modulation (PWM) mode 


These bits’ functions depend on operating mode. 


Count source selection bits 

00 : Clock oscillating frequency divided by 2 (f2) 

01 : Clock oscillating frequency divided by 16 (f16) 
10 : Clock oscillating frequency divided by 64 (f64) 
11 : Clock oscillating frequency divided by 512 (f512) 


Note: This register is cleared to “O016” at reset. 





Fig. 2.7.5 Timer Ai mode register structure 


@Operating mode selection bits (bits 0 and 1) 
The operating mode selection bits are used to select the timer operating mode. Table 2.7.3 shows the 
relationship between the operating mode selection bits and the timer operating modes. 


Table 2.7.3 Relationship between operating mode selec- 
tion bits and operating mode 


| bd | Operating mode 

0 | O |Timer mode 

0 Event counter mode 

1 | 0 |One-shot pulse mode 
1 Pulse width modulation (PWM) mode 


@Count source selection bits (bits 6 and 7) . 
The count source selection bits are used to select the count source. Table 2.7.4 shows the relationship 
between the count source selection bits and the timer count sources. 
These bits are ignored in event counter mode. 


Table 2.7.4 Relationship between count source selection bits and count sources 


Input clock to the counter 
b7 Timer count source f(Xin)=25MHz 
| 0 | Clock oscillating frequency divided by 2 (fz) | = 4MHz_— | 8MHz_ | 12.5MHz 
Be25MHZ 
0 | Clock oscillating frequency divided by 64 (fea) | —t25kHz | —250kHz | 390.625kHz 
28.826 1KH2 
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(6) Timer Ai interrupt control register 
The timer Ai interrupt control register (address 7516 to 7916) consists of interrupt priority level selection 
bits and interrupt request bit. Figure 2.7.6 shows the structure of the timer Ai interrupt control register. 
The function of each bit is described below. Refer to section “2.6 Interrupts” for more information. 


Timer AO interrupt control register (address 7516) 
Timer A1 interrupt control register (address 7616) 
Timer A2 interrupt control register (address 7716) 
Timer A3 interrupt control register (address 7816) 
Timer A4 interrupt control register (address 7916) 


Interrupt priority selection bits 
000 : Level 0 (disable interrupt) 
001 : Level 1 Low 

010 : Level 

011 : Level 


100 : Level Priority 


110 : Level 


2 
3 
4 
101 : Level 5 
6 
111 : Level 7 


High 


Interrupt request bit. 
0 : No interrupt request 
1 : Interrupt request 


Note: Bits 4 to 7 are undefined at reading. 
Bits 0 to 3 are cleared to “O” at reset. 





Fig. 2.7.6 Timer Ai interrupt control register structure 


@interrupt priority level selection bits (bits 0 to 2) 
These bits are used to select the interrupt priority level. They should be set to a level between 1 and 
7 when using a timer Ai interrupt. When there is an interrupt request, this level is compared with the 
processor interrupt priority level (IPL) in the processor status register (PS) and an interrupt is allowed 
only when this level is greater than IPL(interrupt disable flag | must be “0O”). Set these bits to “000” to 
disable only timer Ai interrupt. 


@lnterrupt request bit (bit 3) 
This bit is set to “1” when a timer Ai interrupt request occurs. The interrupt request bit set to “1” is 
cleared to “O” when the interrupt request is accepted. This bit can be set or cleared by. program. 
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(7) Ports P5 and P6 direction registers 
The input/output pins of timers AO to A3 are shared with port P5 and the input/output pins of timer 
A4 are shared with port P6. When using these ports as timer input pins, the corresponding bit in the 
direction register must be set to “O” (input mode). When using these ports as timer output pins, these 
ports function as timer output pins regardless of the content of the direction register. 
Figure 2.7.7 shows the relationship between port P5 direction register (address ODie) and port P6 
direction register (address 1016) with timer pins. 


b4. b3 b2_ bt 


b7 b6~ bd b0 
Port P5 direction register (address 0D16) 


TAQOUT pin 
TAOIN pin 
TA1OUT pin 
TAIN pin 
TA2OUT pin 
TA2IN pin 
TASOUT pin 
TASIN pin 


b4 b1 b 


b7 b6 bd b3 be 0 


TA4OUT pin 
TA4IN pin 


INT pins, Timer B pins 


Note: These registers are cleared to “0016” at reset 





Fig. 2.7.7 Relationship between port P5 and P6 direction registers with timer pins 
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2.7.3 Timer mode [timer Ai mode register bits 1, 0 = “00”] 

The timer mode is selected by setting the timer Ai mode register bits 1 and 0 to “00”. When this mode is 
selected, bit 5 of the timer Ai mode register must be set to “0”. 

Figure 2.7.8 shows the structure of the timer Ai mode register in timer mode. 

In timer mode, the selected internal clock is decremented and an interrupt request occurs each time the 
counter underflows (the content of the counter reaches 000016 —> reload value “n”). The timer dividing ratio 
is expressed as follows: 


Timer dividing ratio=1/(n+1) 
n: Value set in counter 
(value between 000016 and FFFF ie) 


The following functions can be selected with the timer Ai mode register. 


@Gate function 
Controls count with the input signal to the TAjiin pin. 


@Pulse output function 
Outputs from the TAiout pin, a signal that changes phase each time the counter underflows. 


(1) Timer mode operation 
First, select the operating mode, pulse output 
function, gate function, and count source with 


the timer Ai mode register. Next, write a value 
Set timer Ai mode register 


“n” (“n” = 000016 to FFFFis) in the timer Al 
register to specify the timer dividing ratio. At 
the same time, the value “n” is stored in the 
counter and the reload register. 

When the count start flag is set to “1” (count 
enabled), the selected count source is input to 
the counter and starts the count operation. 
Figure 2.7.9 shows the setting example of the 
timer mode related registers. | 

The content of the counter is decremented by 
1 each time the count source is input. When 
the counter underflows, the content of the re- 
load register is loaded into the counter and the 
interrupt request bit is set to “1”. 

Count operation continues in this manner. The 
interrupt request occurs and the interrupt re- 
quest bit is set to “1” each time the counter 
underflows. Therefore, an interrupt request 
occurs at every “n+1” count of the count source. 
Interrupts must be enabled before they can be 
used. Refer to section “2.6 Interrupts” for more 
information. The interrupt request bit remains 
“1” set until the interrupt is accepted or it is 
cleared by program. 


@ Set the operating mode selection bits(bit1,0) to “OO” 
@ Select pulse output function 

®@ Select gate function 

@ Set bit 5 to “O” 

@ Select count source 


Specify timer dividing ratio 
@ Set value to the timer Ai register 


Set the port direction registers 


@ Set the corresponding bit to TAin pin to “0” 





mmm ees esecae 


Set the count start flag to “1” 


Count starts. 


#é If the gate function is selected, count starts when the effective 


level is input to the TAin pin after the above setting. 





Fig. 2.7.9 Setting example of the timer mode re- 


lated registers 


The content of the counter can be read at any time by reading the content of the timer Ai register, 
but the content of the reload register can not be read. In order to change the timer dividing ratio while 
the timer is operating, a 16-bit update value must be written simultaneously in the timer Ai register. 
This value is stored in the reload register, and loaded into the counter next time the counter under- 


flows after writing to timer Ai register. 


Figure 2.7.10 shows the timer mode operation diagram (without pulse output or gate function). 
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b4 b3 b2_ Obit 


Seceee00) Tier Ai modo reser tier mode 


Operating mode selection bits 
00 : Timer mode 


Pulse output function selection bit 

0 :No pulse output (TAiOUT pin functions as 
normal 1!/O port.) 

1 : Pulse output 


Gate function selection bits 
0X : No gate function (TAIIN pin functions as 


normal I/O port.) 
10 : Count while TAiIN input level is “L” 
1 : Count while TAiIN input level is “H” 
(X="0”" or “1”) 


Fix this bit to “O”. 


Count source selection bits 
00 : Clock oscillating frequency divided by 2 (f2) 
01 : Clock oscillating frequency divided by 16 (f16) 
: Clock oscillating frequency divided by 64 (f64) 
: Clock oscillating frequency divided by 512 (f512) 


Note: This register is cleared to “0016” at reset. 





Fig. 2.7.8 Timer Ai mode register structure in timer mode 
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n = reload value 


v 


Count start Count stop 


Underflow | Underflow 


Counter content 


Set the count 
start flag to “1” 


Clear the count Set the count 
start flag to “0” start flag to “1’ 


4 
t 
i] 
t 
i] 
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i] 
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i] 
' 
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i] 
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t 
' 
t 


o,f 


Py 
MA 
a" 


Count start flag ba 


TAi interrupt 
request bit “ 


Cleared by the interrupt accepted or program 





Fig. 2.7.10 Timer mode operation diagram (without pulse output or gate function) 


[Selection Function] 
Program selectable gate function and pulse output function are described below. These functions can be 
used together. 


@Gate function 
The gate function is selected by setting the gate function selection bits of the timer Ai mode register 
to “10” or “11”. The gate function controls the starting and stopping of the timer count by the level of 
the signal input to the TAin pin. Table 2.7.5 shows the relationship between the gate function selection 
bits and the count effective level. 
When using the gate function, the corresponding port direction register to the TAiin pin must be set to 
“O” for input mode. 


Table 2.7.5 Relationship between gate function selection bit and effective level 
Gate function 


selection bits Effective level 
b4 


1 | 0 | Count while the input level to the TAin pin is “L” 
1 Count while the input level to the TAii pin is “H” 


74 


FUNCTIONAL DESCRIPTION 
2./ Timer A 





When the gate function is selected, counting is performed when count source is input to the counter 
while the TAiin pin is at effective level and the count start flag is “1”. No count source is input and the 
count stops while the input level is not effective. The content of the counter is preserved when the TAiin 
pin input level changes from effective to non-effective. Therefore, counting can resume when the input 
level returns to an effective level. 

The pulse width of the TAin pin input signal during count interval and count halt interval must be at 
least 2 cycles of the selected count source. 

Figure 2.7.11 shows the timer operation example when the gate function is selected. 


n = reload value 
Count start 


Underflow 


— 
Cc 
® 

hd 
Cc 
fe 
o 
id 
o 

—_ 
Cc 
=] 
Q 

O 


Set the count 
start flag to “1” 


Count start flag i 


Input level to Effective level 
TAIIN PIN Non-effective level 


TAi interrupt “1” [J 
request bit “o" ~ 


Cleared by the interrupt 
accepted or program 





Fig. 2.7.11 Timer operation example when ithe gate function is selected 
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@Pulse output function 
The pulse output function is selected by setting the pulse output function selection bit to “1”. When the 
pulse output function is selected, a signal that changes phase each time the counter underflows is 
output from the TAiout pin. The TAiour pin is shared with ports P5 and P6é. When the pulse output 
function is selected, the corresponding port is forced to output mode and functions as the TAiour pin 
regardless of the content of the port direction register. It can be used as a programmable I/O port once 
the pulse output function selection bit is set to “0”. 
“L” level is output from the TAiout pin while the count start flag is “O” and count disabled. Therefore, 
the initial level of the output pulse is always “L”. 
Figure 2.7.12 shows the timer operation example when the pulse output function is selected. 


n = reload value 
FFFF16 Count start 


Underflow ae Underflow 


Counter content 


000016 


Set the count 
start flag to “1” 


Count start flag ae | 
“o' 


eeenw eer eset m wen ee eee we eo 


Output pulse from Oe tee | eee 
TAiout pin “L” 
TAi interrupt “1” [ 4 — -— 
request bit ‘“o’ 


\ tf of 


Cleared by the interrupt accepted or program 





Fig. 2.7.12 Timer operation example when the pulse output function is selected 
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[Precautions when using the timer mode] 

1. The value of the counter while operating can be read at any timing by reading the timer Aji register. 
However, if it is read at the reload timing shown in Figure 2.7.13, “FFFFie” is returned instead of the 
reload value. The reload value is returned if it is read after the timer Ai register is set and before the 
count source is input and count started. 


Counter are 
potion ESREEAEOI 


Read ion 
(hexadecimal notation ERESENGutel 


+ i 
n = reload value Ime 





Fig. 2.7.13 Reading the timer Ai register 
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2.7.4 Event counter mode [timer Ai mode register bits 1, 0 = “017] 

The event counter mode is selected by setting the timer Ai mode register bit 1 to “O” and bit 0 to “1”. When 
this mode is selected, bit 5 of the timer Ai mode register must be set to “0”. Figure 2.7.14 shows the 
structure of the timer Ai mode register in event counter mode. 

In event counter mode, the external clock input to the TAiin pin is counted. The counter can be either an 
increment counter or a decrement counter according to the up-down flag or the input level to the TAjiout 
pin. Figure 2.7.15 shows the structure of the up-down flag register. 

In increment counter, an interrupt request occurs when the counter overflows (the content of the counter 
reaches FFFFie — reload value “n”). In decrement counter, an interrupt request occurs when the counter 
underflows (the content of the counter reaches 000016 — reload value “n”). The timer dividing ratio is ex- 
pressed as follows: 


@lncrement counter Timer dividing ratio=1/(n+1) 


@Decrement counter’ Timer dividing ratio=1/(FFFFice—n+1) 
n: Value set in counter 
(value between 000016 and FFFFie) 


In addition, in this mode, the pulse output function and two-phase pulse signal processing function can be 
selected by program. Two-phase pulse signal output processing function is available only with timers A2, 
A3, and A4. 


@Pulse output function 
A pulse that changes phase is output from the TAiout pin each time the counter underflows (decrement 
counter) or overflows (increment counter). 


@Two-phase pulse signal processing function (timers A2 to A4) 


Whether to increment or decrement the counter is selected by using two signals with phase shifted 90 
degrees. 
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b2 ~=b1 


b6 
ETT TET Timer Ai mode register (in event counter mode) 


Operating mode selection bits 
01 : Event counter mode 


Pulse output function selection bit 
0 : No pulse output 
1 : Pulse output 


Count polarity selection bit 


O : Count at the falling edge of the input signal 
1 : Count at the rising edge of the input signal 





Up-down switching factor selection bit 
0 : Content of the up-down flag 
1 : Input signal to the TAiOUT pin 


Fix this bit to “O”. | 


These bits are ignored (may be “0” or “1”). 


Note: This register is cleared to “0016” at reset. 





Fig. 2.7.14 Timer Ai mode register structure in event counter mode 





Up-down flag (address 4416) 


Timer AO up-down flag 
Timer A1 up-down flag 
Timer A2 up-down flag 
Timer A3 up-down flag 
Timer A4 up-down flag 
0 : Decrement count 

1 : Increment count 





Timer A2 two-phase signal processing selection bit 
Timer A3 two-phase signal processing selection bit 
Timer A4 two-phase signal processing selection bit 
Q : Two-phase pulse signal processing disable 
1 : Two-phase pulse signal processing enable 


Note: This register is cleared to “0016” at reset. 





Fig. 2.7.15 Up-down flag register structure 
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(1) Event counter mode operation 
First, select the operating mode, count polarity, pulse output function, and up-down switching factor 
with the timer Ai mode register. Next, write a value “n” (“n” = 000016 to FFFFie) in the timer Ai register 
to specify the timer dividing ratio. At the same time, the value “n” is stored in the counter and the 
reload register. Also set the port direction register bit corresponding to the TAiin pin to “OQ” (input mode). 
When the count start flag is set to “1” (count enabled), the external clock input to the TAin pin is input 
to the counter. The counter operates at the falling edge (when the count polarity selection bit is “O”) 
or rising edge (when the count polarity selection bit is “1”) of the input clock. 
Whether to increment or decrement the counter can be selected with the up-down flag or the level of 
the input signal to the TAiout pin. The content of the up-down flag is used if the up-down switching 
factor selection bit is “O”, and the level of the input signal to the TAiour pin is used if it is “1”. 
Figure 2.7.16 shows the setting example of the event counter mode related registers. 


@When using the content of the up-down flag 
The counter is decremented when the corre- 
sponding bit to the up-down flag is set to “0”, 


and incremented when it is set to “1”. Set timer Ai mode register 
@ Set the operating mode selection bits(bit1 ,0) to “O01” 


; : ; ‘ F @ Select pulse output function 
@When using the input signal to TAjiout pin ee ccc count salailiy 


The counter is decremented when the input level @ Select up-down switching factor 
to the TAiout pin is “L”, and incremented when aint scan 
it is “H”. The TAiout pin is shared with port pins. 


Therefore, the direction register of the corre- Set the up-down flag 
sponding port pin must be set to “0” (input @ Select up/down count(when the up-down switching 
‘ : ee factor selection bit is “O”) 
mode) when the input level of the TAjour pin is @ Select two-phase pulse signal processing function 
used to control increment/decrement. 
The pulse output function described later can- 
i : Specify timer dividing ratio 
not be used when the input level to the TAiout 
pin is used to control increment/decrement. 


Set the port direction registers 

@ Set the corresponding bit to TAin pin to “0” 

@ Set the corresponding bit to TAiout pin to “O” (when 
the up-down switching factor selection bit or the 
two-phase signal processing selection bit is “1”) 


Set the count start flag to “1” 


Count starts. 





Fig. 2.7.16 Setting example of the event counter 
mode related registers 


80 


FUNCTIONAL DESCRIPTION 
2./ Timer A 





The count direction can be changed while counting. The count direction changes when the next 
effective edge of the count source is input after the content of the up-down flag changes if the up- 
down flag is used for up-down switching factor, and after the input level to the TAiout pin changes if 
the input signal to the TAiour pin is used for up-down switching factor. 

Count operation continues and the counter underflows (decrement count) or overflows (increment 
count) at which time an interrupt request occurs and an interrupt request bit is set to “1”. Interrupts 
must be enabled before they can be used. Refer to section “2.6 Interrupts” for more information. The 
interrupt request bit remains “1” set until the interrupt is accepted or it is cleared by program. 

The content of the counter can be read at any time by reading the content of timer Ai register, but 
the content of the reload register cannot be read. In order to change the timer dividing ratio while the 
timer is operating, a 16-bit update value must be written simultaneously in the timer Ai register. This 
value is stored in the reload register, and loaded into the counter next time the counter underflows 
after writing to timer Ai register. 

Figure 2.7.17 shows the event counter mode operation diagram (without pulse output or two-phase 
pulse signal processing function). 


n = reload value 
FFFF16 


“4 Underflow 


Counter content 


000016 


Set the count 
Start flag to “1” 


Count start flag i 
Up-down flag “1 
p n tag igs 


TAi interrupt “1” 
request bit “O" 


| 


Cleared by the interrupt accepted or program 


3 This opreation diagram selects the up-down flag for up-down switching factor. 





Fig. 2.7.17 Event counter mode operation diagram (when up-down switching factor selection bit is “O”) 
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[Selection Function] 

Pulse output function and two-phase pulse signal processing function can be selected by program. How- 
ever, only timers A2, A3, and A4 can use the two-phase pulse signal processing function. The pulse 
output function and the two-phase pulse signal processing function both use the TAjiout pin. Therefore, 
only one of these functions can be used at any one time. 


@Pulse output function 
Pulse output function is selected when the pulse output function selection bit is set to “1”. When this 
function is selected, a signal that changes phase each time the content of the counter underflows 
(decrement count) or overflows (increment count) is output from the TAjiout pin. 
The TAiout pin is shared with ports P5 and P6. When the pulse output function is selected, the 
corresponding port is forced to output mode and functions as the TAiout pin regardless of the content 
of the port direction register. It can be used as a programmable I/O port once the pulse output function 
selection bit is set to “OQ”. 
“L” level is output from the TAiout pin while the count start flag is “O” and count disabled. Therefore, 
the initial level of the output pulse is always “L”. 


@Two-phase pulse signal processing function 

Two-phase pulse signal processing function is selected for timers A2 to A4 when the two-phase signal 
processing function selection bit is set to “1”. When this function is selected, set the pulse output 
function selection bit to “0”, the count polarity selection bit to “0”, and the up-down selection bit to “1”. 
Figure 2.7.18 shows the timer Aj mode register (j=2 to 4) when two-phase pulse signal processing 
function is selected. 

The TAjout pin is used in input mode and the corresponding port direction register bit must be set to 
a Ola 


b7 b6é b5 b4 b3 b2 bi b0 


Timer Aj mode register (j=2 to 4) 


May be “0” or “1” 





Fig. 2.7.18 Timer Aj mode register (j=2 to 4) when two-phase pulse signal processing function is selected 
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A timer with two-phase pulse signal processing function selected controls the counter by a two-phase 
pulse with phase shifted by 90 degrees. There are two types of two-phase pulse signal processing 
operation; one for timers A2 and A3 and another for timer A4 (quadruple processing). 


<Timers A2 and A3> 
The counter is incremented when the rising edge is input to the TAkin (k=2, 3) pin and decremented 
when the falling edge is input to the TAkin pin after the level of the TAkout pin changes from “L” to 
“H". (See Figure 2.7.19) 


<Timer A4> 
The counter is incremented at every rising and falling edge of the TA4ourt and the TA4in pins when 
a phase related pulse with the rising edge input to the TA4in pin is input after the level of the TA4our 
pin changes from “L” to “H”. 
The counter is decremented at every rising and falling edge of the TA4our and the TA4in pins when 
a phase related pulse with the falling edge input to the TA4our pin is input after the level of the TA4in 
pin changes from “H” to “L”. (See Fig. 2.7.20) 


H ” 
TAKoutT | | | | | | | | | | 
a“ L” 


“EH” 


TAIN 


= od Ug 
(k=2, 3) Up- Up- Up- Down- Down- Down- 


count count count count count count 
| 4 i) | i i] 


+ + +1 = - 4 





Fig. 2.7.19 Timers A2 and A3 two-phase pulse signal 
processing operation 


ir) LL 


TA4out 
il Ne 


Up-count at each edge Down-count at each edge 
41 41 440 410 41 A 4 4 4 -1 


“Ly” 
: L" ' 1 ' ! 


Up-count at each edge Down-count at each edge 


ae eee ae ee a ee ae ae | 





Fig. 2.7.20 Timer A4 two-phase pulse signal processing 
operation (quadruple processing) 
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[Precautions when using event counter mode] 

1. The value of the counter while operating can be read at any timing by reading the timer Ai register. 
However, if it is read at the reload timing shown in Figure 2.7.21, “FFFFie” is returned at underflow and 
“000016” is returned at overflow instead of the reload value. The reload value is returned if it is read after 
the timer Ai register is set and before the count source is input and count started. 


(1) Decrement (2) Increment 
Reload Reload 


Counter content Counter content 
(hexadecimal notation) Pe oO | ae int | (hexadecimal notation) FFFD|FFFE|FFFF pon [net] 
Read value | | ! Read value ) | 
(hexadecimal notation) Peay acters FFFF (hexadecimal notation) aided eo Bae po |nat 


— oe ctl 
Time Time 
n = reload value n = reload value 





Fig. 2.7.21 Reading the timer Ai register 


2. All of the following functions uses the TAiout pin. Only one of these functions can be selected for each 
timer at any one time. 


@Count control using input signal to TAiourt pin 
@Pulse output function 
@Two-phase pulse signal processing function (timers A2 to A4) 


3. The phase difference of the two-phase pulse used for two-phase pulse processing function (input clocks 
to TAiout and TAjiin pins) must be the characteristics shown in Figure 2.7.22. 


T1 


TAIIN 
TAIOUT 


P7273 





Fig. 2.7.22 The characteristics of the two-phase pulse signal 
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2.7.5 One-shot pulse mode [timer Ai mode register bits 1, 0 = “10”] 

The one-shot pulse mode is selected by setting the timer Ai mode register bit 1 to “1” and bit 0 to “O”. When 
this mode is selected, the timer Ai mode register bit 5 must be set to “O” and bit 2 must be set to “1”. Figure 
2.7.23 shows the structure of the timer Ai mode register in one-shot pulse mode. 

In one-shot pulse mode, “H” level is output for an arbitrary interval from the TAiour pin after a trigger. 
The trigger can be either an internal trigger generated by writing “1” into the one-shot start flag shown in 
Figure 2.7.24 or an external trigger generated by the effective edge of the input signal to the TAim pin. 
Counting starts with a trigger and at the same time, “H” level is output from the TAiout pin. The content 
of the counter is decremented by 1 each time a count source is input. When the content of the counter 
reaches “000116” —> reload value “n”, the output level from the TAiout pin changes to “L” and counting stops. 
At this point, an interrupt request is occurs. 

The width of the output pulse (“H” level width) can be expressed as follows: 


Output pulse width = n/fi [s] 
fi: Selected count source frequency 
n: Value set in counter 
(000016 to FFFF16 during count halted) 
(000116 to FFFFie during count operating) 


85 














FUNCTIONAL DESCRIPTION 
2./ Timer A 


b2 bi 


b4 
SSORS0GG, Timer Al mote ee (one-shot pulse mode) 


Operating mode selection bits 
10 : One-shot pulse mode 


: Fix this bit to “1”. 


{ 


Trigger selection bits 


OX: Writing operation to the one-shot start flag 
(TAIIN pin functions as normal I/O port.) 
10 : Falling edge of the input signal to TAIIN pin 
11: Rising edge of the input signal to TAiIN pin 
(X=“0” or “1”) 


Fix this bit to “O”. 


Count source selection bits 
00 : Clock oscillating frequency divided by 2 (f2) 
01 : Clock oscillating frequency divided by 16 (f16) 
10 : Clock oscillating frequency divided by 64 (fé4) 
1 : Clock oscillating frequency divided by 512 (512) 


Note: This register is cleared to “0016” at reset. 





Fig. 2.7.23 Timer Ai mode register structure in one-shot pulse mode 


One-shot start flag (address 4216) 


Timer AO one-shot start flag 
Timer A1 one-shot start flag 
Timer A2 one-shot start flag 


Timer A3 one-shot start flag 

Timer A4 one-shot start flag 

Internal trigger is generated when “1” is written 
to this flag. 


Note: Bits 5 to 7 are undefined at read. 
Bits 0 to 4 are cleared to “0” at reset. 





Fig. 2.7.24 One-shot start flag register structure 
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(1) One-shot pulse mode operation 
First select the operating mode, trigger occurrence factor, and count source with the timer Ai mode 
register. The TAiout pin starts to output “L” level when one-shot pulse mode is selected with the 
operating mode selection bits. Next, write a value “n” (“n”= 000016 to FFFFie) in the timer Ai register 
to set the output pulse width. At this point, “n” is stored in the counter and the reload register. Count 
is enabled when the count start flag is set to “1”, and then count starts when a trigger occurs. 
lf bit 4 of the timer Ai mode register is “O”, an internal trigger is generated by setting the corresponding 
bit to each timer in the one-shot start flag to “1”. If bit 4 is “1” and bit 3 is “O”, a trigger is generated 
at the falling edge of the TAiin pin input signal and if bit 4 is “1” and bit 3 is “1”, a trigger is generated 
at the rising edge of the TAjiin pin input signal. When using an external trigger, the corresponding port 
direction register bit to the TAii pin must be set to “O” (input mode). 
Figure 2.7.25 shows the setting example of the one-shot pulse mode related registers. 


Set timer Ai mode register 

O Set the operating mode selection bits(bit 1,0) to “10” 
O Set bit 2 to “1” 

© Select trigger occurrence factor 

© Set bit 5 to “0” 

O Select count source 


Set output pulse width 
O Set value to the timer Ai register 


Selecting external trigger Selecting internal trigger 


Writing “1” to the one-shot start flag 


Set the port direction register Set the count start flag to “1” 
@ Set the corresponding bit to TAiin pin to “O” 


Set the count start flag to “1 


: Trigger is generated. 


Effective edge input to TAin pin , 


Count starts. 
Trigger is generated. 


Count starts. 





Fig. 2.7.25 Setting example of the one-shot pulse mode related registers 


87 

















FUNCTIONAL DESCRIPTION 
2./ Timer A 





When triggered, counting starts and “H” level is output from the TAiout pin. (However, if the timer Aji 
register contains “000016”, the TAiourt pin level remains at “L” and counting does not start.) The counter 
is decremented by 1 each time a count source is input. When the content of the counter reaches 
000116 > “n” , the TAiout pin level changes to “L” and counting stops. The “H” level width of the output 
pulse from the TAiour pin is (count source cycle) x n. 

An interrupt request occurs and the interrupt request bit is set to “1” when the TAjiout pin level changes 
from “H” to “L”. Interrupts must be enabled before they can be used. Refer to section “2.6 Interrupts” 
for more information. The interrupt request bit remains “1” set until the interrupt is accepted or it is 
cleared by program. 

lf a value is written in the timer Ai register while the counter is operating (“H” level is output from the 
TAiout pin), this value is only set in the reload register. It is loaded into the counter at the next reload 
timing. Values other than 000016 can be written while the counter is operating. 

lf the value of timer Ai register is read, the result is undefined. 

Figure 2.7.26 shows the one-shot pulse mode operation diagram (when external trigger is selected). 


n = reload value 
FFFF16 Count start Count stop 


, Count restart | Count stop 


Counter content 


000116 


Set the count 
start flag to “1" 


Count start flag ne | . 
“Q'- 


Another trigger 
while counting 


Input level to “H” r] 1 | 
TAiIN pin “L” 


1/fX(n) [s] I. 1/fX(n +1) [s] 
Sucealeston | 
TAiouT pin “L” 


TAi interrupt “ 


request bit “ 
Cleared by the interrupt accepted or program 


ee ee ee | we weer eecaet ew eee e ee = 


ee ee eee 


* This operation diagram selects the external trigger(rising edge) for trigger occurrence factor. 





Fig. 2.7.26 One-shot pulse mode operation (when external trigger is selected) 
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The counter stops after completing one cycle of output, and repeats the same operation when the next 
trigger occurs. When the count start flag is “O” (count disabled), “L” level is output from the TAjiour pin. 
Therefore, an arbitrary pulse width can be generated by setting a value in the timer Ai register before 
setting the count start flag to “1”. 

If another trigger is generated while counting, the content of the reload register is transferred to the 
counter and decrement continues from that value. In this case, the TAiout pin level becomes “L” at n+1 
count after the trigger. The content of the reload register is transferred to the counter only when a 
trigger occurs while counting. At least one cycle of the timer count source should elapse before 
retriggering. 


[Precautions when using one-shot pulse mode] 
1. If the count start flag is set to “O” while counting, counting stops and the output level of the TAjiour pin 
becomes “L”. At the same time an interrupt request occurs and the interrupt request bit is set to “1”. 


2. Values between 000116 and FFFFie can be written in the timer Ai register while the counter is operating 
(“H” level is output from the TAjiour pin). 


3. When external trigger is selected, there may be a time lag between the time the effective edge is input 
to TAin pin and the time the trigger is generated. This is because the input signal to the TAjiin pin is not 
synchronized with the internal operating clock. 


4. When the operating mode is switched from timer mode or event counter mode to one-shot pulse mode, 
the interrupt request bit in timer Ai interrupt control register is set to “1”. Clear the interrupt request bit 
to “0” after switching modes when using timer Ai interrupt or the interrupt request bit in one-shot pulse 
mode. 
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2.7.6 Pulse width modulation (PWM) mode [timer Ai mode register bits 1, 0 = “11”] 

Pulse width modulation mode (hereafter referred to as PWM) is selected and timer Ai functions as a pulse 
width modulator when timer Ai mode register bits 1, 0 are set to “11”. When this mode is selected, bit 2 
of the timer Ai mode register must be set to “1”. Figure 2.7.27 shows the structure of the timer Ai mode 
register in PWM mode. 

In PWM mode, an arbitrary pulse width signal is output continuously from the TAjiour pin. A 16-bit PWM 
mode or an 8-bit PWM mode can be selected by program. 


@©16-bit PWM mode 
The counter functions as a 16-bit pulse width modulator. 


@8-bit PWM mode 
The reload register and the counter are both divided into 8-bit halves. The high-order 8 bits of the 
counter function as a pulse width modulator and the low-order 8 bits function as a prescaler. 


The trigger is either an internal trigger generated when the couni start flag shown in Figure 2.7.28 is set 
to “1” or an external trigger generated when the effective edge signal is input to the TAin pin with the count 
start flag set to “1”. When a trigger occurs, the pulse width modulator starts and pulses are output from 
the TAjiout pin. . 

An interrupt request occurs and the interrupt request bit is set to “1” each time the level of the output pulse 
changes from “H” to “L”,. 

When the pulse width modulator starts operation with a trigger, the next trigger is not accepted (pulses are 
output continuously). 


b7 b6 b5 b4 +.bS- b2 = bi b0O 


, Timer AO count start flag 
Timer A1 count start flag 
Timer A2 count start flag 


Timer A3 count start flag 
Timer A4 count start flag 


In case of selecting an internal trigger, the internal 
trigger is generated when this flag is set to “1”. 


Timer BO count start flag 
Timer B1 count start flag 
Timer B2 count start flag 


Note: This register is cleared to “0016” at reset. 





Fig. 2.7.28 Count start flag register structure 
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b4 b1 
PTT TT PEt Timer Ai mode register (in PWM mode) 


Operating mode selection bits 
11 : PWM mode 


Fix this bit to “1”. 


Trigger selection bits 

OX : Writing operation to the one-shot start flag 
(TAIIN pin functions as normal I/O port) 

10 : Falling edge of the input signal to TAIIN pin 

11 : Rising edge of the input signal to TAIIN pin 

(X="0" or “1”) 


16/8-bit PWM mode selection bit 
0 : 16-bit PWM mode 
1 : 8-bit PWM mode 


Count source selection bits 
00 : Clock oscillating frequency divided by 2 (f2) 

O01 : Clock oscillating frequency divided by 16 (f16) 
10 : Clock oscillating frequency divided by 64 (f64) 
11 : Clock oscillating frequency divided by 512 (f512) 





























Note: This register is cleared to “0016” at reset. 





Fig. 2.7.27 Timer Ai mode register structure in PWM mode 


(1) PWM mode operation 

First, select the operating mode, trigger occurrence factor, 16/8-bit PWM mode, and count source with 
the timer Ai mode register. The TAiout pin outputs “L” level when PWM mode is selected with the 
operating mode selection bits. Next, write an arbitrary value “n” in the timer Ai register to set the output 
pulse width. At this point, “n” is set in the counter and the reload register. Then when a trigger is 
generated, the pulse width modulator starts and pulses are output from the TAiout pin. When the timer 
Ai mode register bit 4 is “0”, an internal trigger occurs each time the corresponding bit to each timer 
in the count start flag is set to “1”. If bit 4 is “1” and bit 3 is “O”, the trigger occurs at the falling edge 
of the input signal to the TAiin pin. If bit 4 is “1” and bit 3 is “1”, the trigger occurs at the rising edge 
of the input signal. When using an external trigger, set the corresponding port direction register to the 
_TAiin pin to “0” (input mode). 

A pulse width modulator continuously outputs pulses when it starts operation. An interrupt request 
occurs and the interrupt request bit is set to “1” each time the level of the output signal changes from 
“H” to “L”. Interrupts must be enabled before they can be use. See “2.6 Interrupts” for more informa- 
tion. The interrupt request bit remains “1” set until an interrupt request is accepted or it is cleared by 
program. 

lf a value is written in the timer Ai register while the counter is operating, the value is set only in the 
reload register. It is loaded in the counter next time the level of the output pulse changes from “L” to 
bs 

If the value of the timer Ai register is read, the result is undefined. 

The 16-bit PWM mode and 8-bit PWM mode operations are described below. 
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[16-bit PWM mode] 
16-bit PWM mode is selected when the 16/8-bit PWM mode selection bit is set to “0”. In this mode, the 
cycle and width of the output pulse from the TAiout pin can be expressed as follows: 


Output pulse cycle = (1/fi) X (2'*-1) [s] 
Output pulse “H” width = (1/fi) <X n [s] 
fi: Frequency of selected count source [Hz] 
n: Value set in counter 
(value between 000016 and FFFE%e) 


Figure 2.7.29 shows an example of an output waveform in 16-bit PWM mode. An interrupt request occurs 
and the interrupt request bit is set to “1” each time the level of the output pulse signal changes from “H” 
to “L”. 

The “H” width of the output pulse can be changed while the pulse width modulator is operating (outputting 
the pulse signal) by writing a value in the timer Ai register. This value is written in the reload register and 
loaded into the counter next time the level of the output pulse changes from “L” to “H”. Therefore, the 
pulse width changes from the pulse following the pulse being output when the value was written. 


1/fX (216-1) fs] 


Selected count 
source fi 


Input level to “H” ) 
TAiin pin a ! 


This signal does not generate a trigger. 


ee eT a | 


Output pulse from “1” 
TAiout pin ul 


%# This is an output example in case the content of the reload register is 000316 and the external 
trigger(rising edge) is selected for trigger occurrence factor. 





Fig. 2.7.29 16-bit PWM mode output waveform example 


[8-bit PWM mode] 

8-bit PWM mode is selected when the 16/8-bit PWM mode selection bit is set to “1”. In this mode, the 
reload register and the counter are divided into 8-bit halves. The high-order 8 bits of the counter function 
as an 8-bit pulse width modulator and the low-order 8 bits function as a prescaler. 

The prescalar counts the clock selected with the count source selection bit. The prescalar is decremented 
and an underflow signal is generated when its content reaches 0016 — “m” (“m” = value set in low-order 
8 bits of the reload register). The content of the reload register is loaded into the prescalar and counting 
continues. The pulse width modulator (high-order 8 bits of the counter) counts the underflow signal 
generated by the prescalar. The cycle and width of the pulse output from the TAiout pin can be expressed 
as follows: 


Output pulse cycle = (1/fi) X (m+1) * (2°81) [s] 
Output pulse “H” width = (1/fi) X (m+1) X n [s] 
fi: Frequency of selected count source [Hz] 
n: Value in the high-order 8 bits of the counter 
(Value between O0i6 and FEte) 
m: Value in the low-order 8 bits of the counter 
(Value between 0016 and FFie) 


er RR PER SP I SI TO TO EI oI EE IO NE TE TEE EEL I ET TT TATE 


92 


FUNCTIONAL DESCRIPTION 
2.7 Timer A 





Figure 2.7.30 shows an output waveform example in 8-bit PWM mode. In 8-bit PWM mode, pulse output 
starts at the set pulse cycle after “L” level with the width equal to the “H” level of the set pulse is output. 
The “H” width of the output pulse can be changed while the pulse width modulator is operating (outputting 
the pulse signal) by writing a value in the timer Ai register. This value is written in the reload register and 
loaded into the counter next time the level of the output pulse changes from “L” to “H”. Therefore, the 
pulse width changes from the pulse following the pulse being output when the value was written. 


1/fiX (n+1) X (28-1) [s] 


evo 
setected count source [LHL] LILLILILILIL LULU UU: 
tJ td 


“H" 
Input level to TAiin pin . 


Underflow signal “H’ 
from prescaler «» 


: 1/fiX(m+1) X (n) [s] 


Output pulse from “H” TT 
TAiouT pin +» es ies ees 


* The setting conditions of this output example are as follows: 
@ High-order 8 bits of counter = 0216 
@ Low-order 8 bits of counter = 0216 
@ Trigger occurrence factor : External trigger(falling edge) 





Fig. 2.7.30 8-bit PWM mode output waveform example 


[Precautions when using PWM mode] 

1. When the operating mode is switched from timer mode or event counter mode to PWM mode, the interrupt 
request bit in timer Ai interrupt control register is set to “1”. Clear the interrupt request bit to “O” after 
switching modes when using timer Ai interrupt or the interrupt request bit in PWM mode. 
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2.8 Timer B 
Timer B consists of three 16-bit timers (timers BO to B2). Timers BO to B2 operate independently and each 
can operate in one of three different modes. 


2.8.1 Timer B description 
Timer Bi (i= 0 to 2) has three operating modes as described below. These timers have identical functions. 
The input pins (TBiin) of these timers are shared with ports P6s to 67. 


@Timer mode 
This mode counts the selected internal clock. The counter is decremented by 1 each time a count 
source (selected clock) is input and a timer Bi interrupt request occurs when the content of the counter 
reaches 000016 —> reload value “n” (hereafter referred to as underflow). 


@Event counter mode 
This mode counts the external clock input to the TBiin pin. The counter is decremented by 1 each time 
a clock is input and a Timer Bi interrupt request occurs when the counter underflows. 


@Pulse period/pulse width measurement mode 
In this mode, the period or the pulse width of the input signal to the TBiin pin is measured. 


2.8.2 Block description 
Figure 2.8.1 shows the block diagram of timer Bi. It is followed by the description of the timer Bi related 
registers. 


Count source selection bits Data bus (odd) 
f 2 —_—___—_o 
Data bus (even 


(Low-order 8 bits) wr dd) (High-order 8 bits) 


Timer mode Reload register (16) 





Pulse period/pulse width 
measurement mode I} JU] 


Interrupt 
request bit 


Polarity switching 7 
TBitn © and edge pulse C rs 
generating circuit Event counter mode 


Counter (16) 


r Overflow 
Count start flag flag 
Counter reset circuit 





Fig. 2.8.1 Timer Bi block diagram 
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(1) Counter and reload register (timer Bi register) 

Timer Bi counter and reload register consist of 16 bits. The counter counts the selected count source. 
In timer mode and event counter mode, the content of the counter is decremented by 1 each time a 
count source is input. The reload register is used to store the initial value of the counter. The, content 
of the counter changes each time a count source is input to the counter, but the content of the reload 
register remains unchanged. The content of the reload register is reloaded into the counter when the 
counter underflows. A value is set in the counter and the reload register by writing a value in the timer 
Bi register. 

In pulse period/pulse width measurement mode, the content of the counter is incremented by 1 each 
time a count source is input to the counter. The result of measuring the pulse signal is transferred to 
the reload register. Table 2.8.1 shows the memory allocation of the timer Bi register. 


Table 2.8.1 Timer Bi register memory allocation 


Timer Bi register Low-order byte 
Timer BO register Address 5016 
Timer B1 register Address 5216 
Timer B2 register Address 5416 


In timer mode and event counter mode, the value written in the timer Bi register while the timer is not 
operating is stored in the counter and the reload register. The value written in the timer Bi register 
while the timer is operating is stored only in the reload register. In this case, the updated value is 
transferred to the counter during the next reload. When the timer Bi register is read, the counting value 
is read. When the timer Bi register is read in pulse period/pulse width measurement mode, the pulse 
width or the pulse period measurement result is read. 

The value of the timer Bi register is undefined at reset. Therefore, the counter and the reload register 
must first be initialized when using timer Bi in timer or event counter mode. 


























(2) Count start flag 
The count start flag (address 4016) separately controls starting/stopping of each timer. Each bit cor- 
responds to one of the timers. 
A count source is input to the counter when this flag is “1”, and disabled when it is set to “0”. 
Figure 2.8.2 shows the structure of the count start flag. 


b6 b1 b 


b7 b5 b4 b3 ~~ b2 0 
R/W Count start flag (address 4016) 


Timer AO count start flag 
Timer A1 count start flag 
Timer A2 count start flag 


Timer A3 count start flag 

Timer A4 count start flag 

Timer BO count start flag 

Timer B1 count start flag 

Timer B2 count start flag 
Note: This register is cleared to “0016” at reset. 





Fig. 2.8.2 Count start flag register structure 
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(3) Timer Bi mode register 
The timer Bi mode register (address 5Bie to 5D16) consists of operating mode selection bits, overflow 
flag, and count source selection bits. 
Figure 2.8.3 shows the structure of the timer Bi mode register. The operating mode selection bits, 
overflow flag, and count source selection bits are described below. The function of bits 2 and 3 depend 
on the operating mode and are described under the description of each operating mode. 


b7 b6 b5 b4 b3 b2 bi b0 ; ; 
Seen Timer BO mode register (address 5B16) 
jaw |p| Re [Raw Raw | Rew R/W | Timer B1 mode register (address 5C16) 
ee Timer B2 mode register (address 5D16) 


Operating mode selection bits 

00 : Timer mode 

01 : Event counter mode 

10 : Pulse period/pulse width measurement mode 


These bits’ functions depend on operating mode. 


Timer Bi overflow flag 
0 : No overflow or underflow 
1 : Overflow or underflow 


Count source selection bits 

00 : Clock oscillating frequency divided by 2 (f2) 

01 : Clock oscillating frequency divided by 16 (f16) 
10 : Clock oscillating frequency divided by 64 (f64) 
11 : Clock oscillating frequency divided by 512 (f512) 


Note: Bit 4 is undefined at reading. 
Bit 5 is set to “1” at reset and cleared to “O” by writing to this register. 
Bits 0 to 3 and bits 6 and 7 are cleared to “OQ” at reset. 





Fig. 2.8.3 Timer Bi mode register structure 
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@Operating mode selection bits (bits 0 and 1) 
The operating mode selection bits are used to select the timer operating mode. Table 2.8.2 shows the 
relationship between the operating mode selection bits and the timer operating modes. 


Table 2.8.2 Relationship between operating mode selection 
bits and operating modes 


bi | b0 | Operating mode 

0 | O | Timer mode 

0 Event counter mode 

1 | 0 | Pulse period/pulse width measurement mode 


@Timer Bi overflow flag (bit 5) 
The timer Bi overflow flag is set to “1” when the counter underflows in timer mode or event counter 
mode. In pulse period/pulse width measurement mode, it is set to “1” when the content of the counter 
reaches FFFFie > 00001. 
This bit is set to “1” at reset and cleared to “O” when a value is written in the timer Bi mode register. 


@Count source selection bits (bits 6 and 7) 
The count source selection bits are used to select the count source. Table 2.8.3 shows the relationship 
between the count source selection bits and the timer count source. 
These bits are ignored in event counter mode. 


Table 2.8.3 Relationship between count source selection bits and count sources 
Input clock to the counter 


b7 be. Timer count source f(Xin)=25MHz 
0 | 0 |Clock oscillating frequency divided by 2 (f2) | 4MHz_ | 8MHz_ | 12.5MHz 
0 1.5625MHz 
1 | 0 |Clock oscillating frequency divided by 64 (fee) | 125kHz | 250kHz_ | _390.625kHz 
i 48.8281kHz 
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(4) Timer Bi interrupt control register 
The timer Bi interrupt control register (address 7A1s to 7Cie) consists of interrupt priority level selection 
bits and interrupt request bit. Figure 2.8.4 shows the structure of the timer Bi interrupt control register. 
The function of each bit is described below. Refer to section “2.6 Interrupts” for more information. 


Timer BO interrupt control register (address 7A16) 
Timer B1 interrupt control register (address 7B16) 
Timer B2 interrupt control register (address 7C16) 


Interrupt priority selection bits 
000 : Level 0 (disable interrupt) 
001 : Level 1 Low 

010 : Level 2 

011 : Level 3 

100 : Level 4 Priority 
101 : Level 5 

110 : Level 6 

111 : Level 7 High 


Interrupt request bit 
0 : No interrupt request 
1 : Interrupt request 


Note: Bits 4 to 7 are undefined at reading. 
Bits 0 to 3 are cleared to “Q” at reset. 





Fig. 2.8.4 Timer Bi interrupt control register structure 


@lnterrupt priority level selection bits (bits 0 to 2) 
These bits are used to select the interrupt priority level. They should be set to a level between 1 and 
7 when using timer Bi interrupt. When there is an interrupt request, this level is compared with the 
processor interrupt priority level (IPL) in the processor status register (PS) and an interrupt is allowed 
only when this level is greater than IPL (interrupt disable flag | must be “O”). Set these bits to “O00” 
(level 0) to disable only timer Bi interrupt. 


@interrupt request bit (bit 3) 
This bit is set to “1” when a timer Bi interrupt request occurs. The interrupt request bit set to “1” is 
cleared to “O” when the interrupt request is accepted. This bit can be set or cleared by program. 
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(5) Port P6 direction register 
Timers BO to B2 input pins are shared with port P6. When using these ports as timer input pins, the 
corresponding bit in the direction register must be set to “O” (input mode). 
Figure 2.8.5 shows the relationship between the port P6 direction register (address 1016) and the timer 
pins. 
















b2 = bt 


b7 b6 b5 »b4 ~~ b83 b0 
Port P6 direction register (address 1016) 


TA4OUT pin 
TA4IN pin 
INTo pin 
INT4 pin 
INT2 pin 
TBOIN pin 
TBIIN pin 
TB2in pin 





Note: This register is cleared to “0016” at reset. 


Fig. 2.8.5 Relationship between port P6 direction register and timer pins 
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2.8.3 Timer mode [timer Bi mode register bits 1, 0 = “00”] 

Timer mode is selected by setting the timer Bi mode register bits 1 and 0 to “OO”. Figure 2 ha 6 shows the 
structure of the timer Bi mode register in timer mode. 

In timer mode, the selected internal clock is decremented and an interrupt request occurs each time the 
counter underflows (the content of the counter reaches 000016 — reload value “n”). The timer dividing ratio 
is expressed as follows: 


Timer dividing ratio = 1/(n+1) 
n: Value set in counter 
(value between 000016 and FFFFie) 


5 b4 b1 bd 


b2 
Wx |x]ojo Timer Bi mode register (in timer mode) 


Operating mode selection bits 
00 : Timer mode 


These bits are ignored (may be “0” or “1”). 


Timer Bi overflow flag 
0 : No underflow 
1 : Underflow 


Count source selection bits 

00 : Clock oscillating frequency divided by 2 (f2) 

01 : Clock oscillating frequency divided by 16 (f16) 
10 : Clock oscillating frequency divided by 64 (f64) 
11 : Clock oscillating frequency divided by 512 (f512) 


Note: Bit 4 is undefined at reading. 
Bit 5 is set to “1” at reset and cleared to “O” by writing to this register. 
Bits 0 to 3 and bits 6 and 7 are cleared to “O” at reset. 





Fig. 2.8.6 Timer Bi mode register structure in timer mode 
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(1) Timer mode operation 
First, select the operating mode and count source with the timer Bi mode register. Next, write an value 
“n” (“n"=000016 to FFFFie) in the timer Bi register to specify the timer dividing ratio. At the same time, 
the value “n” is stored in the counter and the reload register. 
When the count start flag is set to “1” (count enabled), the selected count source is input to the 
counter and starts the count operation. 
Figure 2.8.7 shows the setting example of the 
timer mode related registers. 
The content of the counter is decremented by 
1 each time the count source is input. When 
the counter underflows, the content of the reload Set timer Bi mode register 
register is loaded in the counter and the interrupt @Set the operating mode selection bits (bit 1, 0) to "00! 
request bit is set to “1”. At the same time, the Beer e uneeuie 
timer Bi overflow flag is set to “1”. Count op- 
eration continues in this manner. The interrupt 
request occurs and the interrupt request bit is Specify timer dividing ratio 
set to “1” each time the counter underflows. @Set value to the timer Bi register 
Therefore, an interrupt request occurs at every 
“n+1” count of the count source. Interrupts must 
be enabled before they can be used. Refer to 
section “2.6 Interrupts” for more information. 
The interrupt request bit remains “1” set until 
the interrupt is accepted or it is cleared by ; 
program. Count starts. 
The content of the counter can be read at any 
time by reading the content of the timer Bi reg- 
ister, but the content of the reload register can Fig. 2.8.7 Setting example of the timer mode re- 
not be read. In order to change the timer divid- lated registers 
ing ratio while the timer is operating, a 16-bit 
update value must be written simultaneously in the timer Bi register. This value is stored in the reload 
register and loaded in the counter next time the counter underflows after writing to timer Bi register. 
Figure 2.8.8 shows the timer mode operation diagram. 
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n = reload value 


Count start Count stop 
rie <—_>: 


UY 
( 
ee ee ee ee er 
' 
‘ 


Count restart 

















Underflow Underflow 
bom | 
| 


“= 4 






Counter content 


000016 


Time 


Set the count start 
flag to “1” 


Count start flag | | | ; 


TBi overflow “1” 
flag “QO” 


TBiinterrupt “1” [7] [ [- 
request bit “0” 


Cleared by the interrupt accepted or program 


flag to “1” 


' Set the count start 
flag to “O” : 


Clear the count start 


ammp mw wwe mew wwe ee ew = 


ean Gem wmoewvufoane=— 






Fig. 2.8.8 Timer mode operation diagram 
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2.8.4 Event counter mode [timer Bi mode register bits 1, 0 = “01”] 

The event counter mode is selected by setting the timer Bi mode register bit 1 to “O” and bit 0 to “1”. When 
this mode is selected, the timer Bi mode register bits 6 and 7 are ignored. Figure 2.8.9 shows the structure 
of the timer Bi mode register in event counter mode. 

In event counter mode, the input external clock to the TBiin pin is counted. The counter is decremented 
each time a effective edge is input and an interrupt request occurs when the counter underflows (the 
content of the counter reaches 000016 — reload value “n’). 

The timer dividing ratio is expressed as follows: 


Timer dividing ratio = 1/(n+1) 
n: Value set in counter 
(value between 000016 and FFFF ie) 


bi bd 


b3  b2 
ee 1 | Timer Bi mode register (in event counter mode) 


b6 b5__—b4 


b7 





Operating mode selection bits 
01 : Event counter mode 


Count polarity selection bits 

00 : Count at the falling edge of the input signal 
01 : Count at the rising edge of the input signal! 
10 : Count at both edges of the input signal 


Timer Bi overflow flag 
0 : No underflow 
1 : Underflow 


These bits are ignored (may be “O” or “1”). 


Note: Bit 4 is undefined at reading. 
Bit 5 is set to “1” at reset and cleared to “O” by writing to this register. 
Bits 0 to 3 and bits 6 and 7 are cleared to “0” at reset. 





Fig. 2.8.9 Timer Bi mode register structure in event counter mode 
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(1) Event counter mode operation 
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First, select the operating mode and the effective edge of the count source with the timer Bi mode 
register. Next, write a value “n” (“n’=000016 to FFFFie) in the timer Bi register specity the timer dividing 
ratio. At the same time, the value “n” is stored in the counter and the reload register. Also, set the 
corresponding port P6 direction register bit to TBin pin to “0” (input mode). When the count start flag 
is set to “1” (count enabled), the effective edge of the input signal to TBii pin is detected and count 
operation starts. 

Table 2.8.4 shows the relationship between the count polarity selection bits and the effective edge of 
the count. Figure 2.8.10 shows the setting example of the event counter mode related registers. 


Table 2.8.4 Relationship between count polarity 
selection bits and effective edge 


b3 Count effective edge 
O | 0 | Falling edge of input signal 
0 Rising edge of input signa! 
1 | 0 | Both edges of input signal 


The content of the counter is decremented by 1 each time an effective edge is detected. When the 
counter underflows, the content of the reload register is loaded in the counter and the interrupt request 
bit is set to “1”. At the same time, the timer Bi overflow flag is set to “1”. The count operation continues 
in this manner and an interrupt request occurs and the interrupt request bit is set to “1” each time the 
counter underflows. Therefore, a timer Bi inter- 
rupt request occurs at every “n+1” count of the 
count source. Interrupts must be enabled be- 
fore they can be used. Refer to section “2.6 
Interrupts” for more information. The interrupt Set timer Bi mode register 

request bit remains “1” set until the interrupt is @Set the oerating mode selection bits (bit 1, 0) to “01” 
accepted or it is cleared by program. @Select count source 

The content of the counter can be read at any 


time by reading the content of timer Bi regis- 
ter, but the content of the reload register can Specify timer dividing ratio 
not be read. @Set value to the timer Bi register 


In order to change the timer dividing ratio while 


the timer is operating, a 16-bit update value 
must be written simultaneously in the timer Bi Set the port sabia Resnik aie 
register. This value is stored in the reload reg- Sele Comes pereng 2 TO- seu Pao 


ister and loaded in the counter next time the 


counter underflows after writing to timer Bi 
register. Set the count start flag to “1” 


The operation in event counter mode is iden- 
tical to that of the timer mode except that an 
external clock input to the TBiin pin is counted. 
Refer to “Fig. 2.8.8 Timer mode operation 
diagram” about an operation diagram. 


Count starts. 





Fig. 2.8.10 Setting example of the event counter 
mode related registers 
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2.8.5 Pulse period/pulse width measurement mode [timer Bi mode register bits 1, 0=“107] 

The pulse period/pulse width measurement mode is selected by setting the timer Bi mode register bit 1 to 
“1” and bit 0 to “0”. The difference between pulse period measurement and pulse width measurement is 
the effective edge of the input signal determining the count term. 


@Pulse period measurement 


Pulse period is measured by counting during the period between the falling edge and the next falling 
edge or between the rising edge and the next rising edge of the input signal to the TBiwn pin. 


@Pulse width measurement 


Pulse width is measured by counting during the period between the falling edge and the next rising edge 
or between the rising edge and the next falling edge of the input signal to the TBiin pin. 


Figure 2.8.11 shows the structure of the timer Bi mode register in pulse period/pulse width measurement 
mode. 


(1) Pulse period /pulse width measurement mode description 


First, select the operating mode, whether to measure the pulse period or width, and count source with 
the timer Bi mode register. Set the corresponding port P6 direction register bit to TBiin pin to “O” (input 
mode). When the count start flag is set to “1” (count enabled), the selected count source is input to 
the counter and count operation starts. The counter is incremented by 1 each time a count source is 
input. 

The content of the counter is transferred to the reload register when an effective edge is input to the 
TBiin pin. Then the counter is cleared to 000016. The count operation continues and the content of the 
counter is transferred to the reload register again when the next effective edge is input to the TBiin 
pin. Then the counter is cleared to 000016. At the same time, an interrupt request occurs and the 
interrupt request bit is set to “1”. The measured result can be obtained by reading the timer Bi register 
because the content of the reload register is read. An interrupt request does not occur at the first 
effective edge after setting the count start flag to “1”. 

The interval between the falling edge and the rising edge or between the rising edge and the falling 
edge of the input signal to the TBiin pin must be at least 2 cycles of the count source. When measuring 
the pulse width of a signal other than 50% duty, whether the result is “H” level width or “L” level width 
must be determined with program. 

Table 2.8.5 shows the relationship between measurement mode selection bits and measured intervals. 


Table 2.8.5 Relationship between measurement mode selection bits and measured intervals 


b3 Measured intervals 


0 
0 


1 


Py ‘od Between the falling edge and the falling edge of the input signal 
1 Eee? Between the rising edge and the rising edge of the input signal 


Between the falling edge and the rising edge, and between the 
Pulse width rising edge and the falling edge 


105 











FUNCTIONAL DESCRIPTION 
2.8 Timer B 


In this mode, an interrupt request also occurs when the content of the counter reaches FFFFise > 
000016 in addition to the effective edge. When an overflow occurs, the timer Bi overflow flag is set to 
“1”. Therefore, the cause of interrupt must be determined in the interrupt service routine by checking 
the timer Bi overflow flag. 

Interrupts must be enabled before they can be used. Refer to section “2.6 Interrupts” for more infor- 
mation. The interrupt request bit remains “1” set until the interrupt is accepted or it is cleared by 
program. 

Figure 2.8.12 shows the pulse period/pulse width measurement mode operation diagram in pulse 
period measurement mode. Figure 2.8.13 shows the pulse period/pulse width measurement mode 
operation diagram in pulse width measurement mode. 


b7 be bS b4 b8 b2 _ bi _ b0 
ee , Timer Bi mode register 
ee (in pulse period/pulse width measurement mode) 


Operating mode selection bits 
10 : Pulse period/pulse width measurement mode 


Measurement mode selection bits 

00 : Pulse period mesurement (between the falling 
edge and the falling edge of the input signal) 

01 : Pulse period mesurement (between the rising 
edge and the rising edge of the input signal) 

10 : Pulse width measurement (between the falling 
edge and the rising edge, and between the 
rising edge and the falling edge 


Timer Bi overflow flag 
0 : No overflow 
1 : Overflow 


Count source selection bits 

00 : Clock oscillating frequency divided by 2 (f2) 

01 : Clock oscillating frequency divided by 16 (f16) 
10 : Clock oscillating frequency divided by 64 (f64) 
11 : Clock oscillating frequency divided by 512 (f512) 


Note: Bit 4 is undefined at reading. 
Bit 5 is set to “1” at reset and cleared to “O” by writing to this register. 
Bits 0 to 3 and bits 6 and 7 are cleared to “0” at reset. 





Fig. 2.8.11 Timer Bi mode register structure in pulse period/pulse width measurement mode 
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Selected count 
source fi 


—-—nemna mm 


Input signal to “H” 


TBi pin +L” 
ye) Transfer 


t 
eweeecewnr ada wwe eee ee 


Transferred timing of 
Reload register #- Counter 


Cleared timing of 
Counter + “O00016” 


Count start flag a 


TBi interrupt “1” 
request bit “o” 


This operation diagram measures between the falling edge and the falling edge. 


Selected count 
source fi 


Input signal to “H” 
TBiin pin 4» 


Transfer } 


Transferred timimg of 
Reload register «~ Counter 


wrewr wen en dee ewe em eee hf wow ew ew wee = 


A 
ia 
L. 


Cleared timing of 
Counter “000016” 


Count start flag a 


TBi interrupt “1! 
request bit “o” 


Cleared by the interrupt 
accepted or program 





Fig. 2.8.13 Pulse period/pulse width measurement mode operation diagram in pulse width measurement mode 
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[Precaution when using the timer B] 

1. The value of the counter while operating in timer mode or event counter mode can be read at any time 
by reading the timer Bi register. However, if it is read at the reload timing shown in Figure 2.8.14, 
“FFFFie” is returned instead of the reload value. The reload value is returned if it is read after the timer 
Bi register is set and before the count source is input and count started. 


Reload 


Counter content 
rosea! [2 [1] 0] [ot 
notation) : 


Read value —j J | 
(hexadecimal PeeRre FFFF 
notation) 


n=reload value Time 





Fig. 2.8.14 Reading the timer Bi register 

2. Interrupt request occurs by two factors in pulse period/pulse width measurement mode. These interrupts 
use the same interrupt vector address of timer Bi. 
Two factors are follows. 


@Completing the measurement of the pulse period/pulse width 
@Overflow of the counter 
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2.9 Serial I/O 
Serial I/O consists of UARTO and UART1 that have same functions. These serial I/O can operate either as 
clock synchronous serial !/O port or asynchronous serial I/O (UART) port. 


2.9.1 Serial I/O description 

UARTO and UART1 can operate either as clock synchronous serial I/O port or asynchronous Serial !/O 
(UART) port. These two serial I/O ports are independent, but have identical functions. Each serial I/O port 
has a transfer clock generation timer (baud rate generator referred to BRG) and can be set a variety of 
data transfer rate. 

Figure 2.9.1 shows the serial I/O operating modes. 

Each serial I/O has four operating modes. The following modes are available: 


@Clock synchronous serial 1/O 
In this mode, both the transmission side and receiving side use the same clock to transfer data. The 
data (character) length is 8 bits. 


@7-bit UART 
In this mode, the data is transferred at an arbitrary rate and data format. The data (character) length 
is 7 bits. 


@8-bit UART 
This mode is identical to 7-bit UART except that the data length is 8 bits. 


@9-bit UART 
This mode is identical to 7-bit UART except that the data length is 9 bits. 


\ 


Clock synchronous serial I/O 
Clock asynchronous serial I/O (UART) 7-bit VART 


Serial !/O 


8-bit UART 
9-bit UART 





Fig. 2.9.1 Serial I/O operating modes 
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2.9.2 Block description 
Figure 2.9.2 shows the block diagram of serial 1/O. The function of each related registers are described 
below. 


Data bus (odd) 


* Data bus (even) 


UARTI receive 
buffer register 


RxDi © 


BRG count source selection bits 
bf ——o 


UARTi receive register 


Receive clock 


Receive control 
Circuit 


fie ——o bee BRG 


eae oT 1H(n+1) 


a Transmit 5 Transmission clock 
fs1i2 ———0 


Coekepchoniseo - control circuit 
Clock synchronous 
(Inmernal clock) 
Ock synchronous 
Clock synchronous (internal clock) (External clock) 
CLKi © “Gj 


CTSVRTSI O 


ARTI transmission register transmission ARTI transmission register 


UARTI transmission 
, buffer register 


-_ bus (odd) : :. 


. Data bus (even) : .: - 





Fig. 2.9.2 Serial I/O block diagram 
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(1) UARTi transmit/receive mode register(i=0, 1) 
The UARTO transmit/receive mode register(address 3016) and the UART1 transmit/receive mode 
register(address 3816) consist of bits to set serial 1/O modes, transfer format. 
Figure 2.9.3 shows the structure of the UARTi transmit/receive mode register. 


b7 b6 b5 b4 b3 »b2 = Ob1~ b0 
UARTO transmit/receive mode register(address 301s) 
R/W UART1 transmit/receive mode register(address 38:6) 
| | Serial 1/O mode selection bits 
000 : Programmable 1/O pin (Serial I/O prohibited) 
001 : Clock synchronous serial I/O 
100 : 7-bit UART 


101 : 8-bit UART 
110 : 9-bit UART 


Internal/External clock selection bit 
0 : Internal clock 
1 : External clock 


Stop bit length selection bit (in UART mode) 
0 : One stop bit 
1 : Two stop bits 


Odd/Even parity selection bit (in UART mode) 
0 : Odd parity 
1 : Even parity 


Parity enable bit (in UART mode) 
0 : Parity disabled 
1 : Parity enabled 


Sleep function selection bit (in UART mode) 
0 : Sleep function disabled 
1 : Sleep function enabled 

Note : Bits 4 to 6 are ignored in clock synchronous mode. 


Bit 7 must be set to “O” when using clock synchronous mode. 
This register is cleared to “OOi6” at reset. 





Fig. 2.9.3 UARTi transmit/receive mode register structure 
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@Serial I/O mode selection bits (bits 0 to 2) 
These bits are used to select serial I/O modes. 
Table 2.9.1 shows the relationship between the serial 1/O mode selection bits and serial I/O modes. 
When bits 2 to 0 are set to “000”, serial I/O is disabled and ports P80 to P83, and P84 to P87 function 
as programmable !/O ports. When one of the serial I/O modes is selected, port P8 has the function 
shown in Table 2.9.2 and loses its programmable 1/O port function (except for some pins in UART 
mode). 


Table 2.9.1 Relationship between serial I/O mode selection bits and serial I/O modes 


b2 bt | bo | Serial 1/O mode selection bits 
0 | Q {Programmable 1/O pin (Serial I/O prohibited) 


| 1 | 0 | 9-bit UART 


1 Not available | 


O | 0 | 1  |Clock synchronous serial I/O 
O {| 1 | O J|Not available 

0 Not available 

1 |.0[ 0 {[7-bit UART 

1 | 0 | 1. |8-bit UART 

, 

1 


Table 2.9.2 Function of port P8 when serial I/O is selected 


Using UARTO Function 
P80 CTS/RTS (transmission control signal |/O pin) 
PB; | P8s_~—s«| CLK (transfer clock I/O pin) (Note 1) 
P82 RxD (serial data input pin) 
P83 P87 TxD (serial data output pin) (Note 2) 


Note 1 : This depends on the internal/external clock selection bit as follows: 
When external clock is selected : Clock input pin 
When internal clock is selected :*Clock output pin in clock synchronous mode 
«Normal I/O port in UART mode 
Note 2 :TxD pin starts to output “H” level when one of serial 1/O modes is selected. 
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@internal/external clock selection bit (bit 3) 
[Clock synchronous mode] 
This bit is used to select either an internal clock or an external clock as the synchronous clock (shift 
clock) for data transfer. 
When this bit is set to “0” to select an internal clock, the divided clock by 2 which the later described 
baud rate generator (BRG) generates is used as the shift clock. In addition, the CLKi pin becomes the 
output pin and the shift clock is output from this pin. 
When this bit is set to “1” to select an external clock, the CLKi pin becomes the input pin and data 
transfer is synchronized with the clock input to this pin. 


[UART mode] 

This bit is used to select either an internal clock or an external clock as the input to the BRG which 
is described later. 

When this bit is set to “O” to select an internal clock, the clock selected with the BRG count source 
selection bit in the UARTi transmit/receive control register 0 becomes the BRG input clock. In this 
case, the CLKi pin( ports P8:, P85) can be used as a programmable 1/O pin. 

When this bit is set to “1” to select an external clock, the CLKi pin becomes the clock input pin and 
the clock input to this pin becomes the BRG input clock. 


@Stop bit length selection bit (bit 4) 
[Clock synchronous mode] 
This bit is ignored. It can be either “O” or “1”. 


TUART mode] 
This bit is used to select between 1 and 2 bits as the stop bit to indicate the end of data. 
1 stop bit is selected when this bit is “O”. 2 stop bits are selected when this bit is “1”. 


@Odd/even parity selection bit (bit 5) 
[Clock synchronous mode] 
This bit is ignored. It can be either “O” or “1”. 


[UART mode] 

This bit is used to select between even parity and odd parity. Odd parity is selected when this bit is 
“0”, and even parity is selected when this bit is “1”. 

This bit is valid if the parity enable bit is set to “1” (enabled). 


@Parity enable bit (bit 6) 
[Clock synchronous mode] 
This bit is ignored. It can be either “O” or “1”. 


[UART mode] 

This bit is used to specify whether to add a parity bit at the end of transmitted data or to perform parity 
check of received data. Whether to use odd parity or even parity is specified with bit 5. 

When this bit is “1”, a parity is added at transmitting, or parity check is performed at receiving. 


@Sleep function selection bit (bit 7) 
[Clock synchronous mode] 
This bit must be set to “O”. 


[UART mode] 

This bit is used to enable or disable the sleep function. If this bit is set to “1” to enable the sleep 
function, the data is ignored when the most significant bit (MSB) of the received data is “0”. 

This function is used when multiple microcomputers are connected through the serial I/O port. Refer 
to section “2.9.5 Sleep mode”. 
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(2) UARTi transmit/receive control register 0 
The UARTO transmit/receive control register O(address 3416) and the UART1 transmit/receive control 
register O(address 3Cie) consist of bits to select the BRG count source and CTS/RTS function, and a 
flag that indicates the UARTi transmission register status. Figure 2.9.4 shows the structure of the 
UARTi transmit/receive control register 0. 


@BRG count source selection bits (bits 0 and 1) 
This bit is used to select the count source of the baud rate generator (BRG) when an internal clock 
is selected. Table 2.9.3 shows the relationship between the BRG count source selection bits and the 
count source. 


Table 2.9.3 Relationship between BRG count source selection bits and count source 


a BRG count source 

fe selected which is the oscillating clock f(Xin) divided by 2 

fis selected which is the oscillating clock f(Xin) divided by 16 
fea selected which is the oscillating clock f(Xin) divided by 64 
fs12 selected which is the oscillating clock f(Xin) divided by 512 


—, 


@CTS/RTS function selection yn bit (bit 2) 
This bit is used to select CTS and RTS function. Port P80 functions as CTS/RTS pin for UARTO, P84 
as CTS/RTS pin for UART1. 
When this bit is “0”, CTS function is selected. Port P80 or P84 becomes the CTS input pin. This pin 
must be at “L” level in order for transmission to start. ee 
When this bit is “1”, RTS function is selected. port P80 or P84 becomes the RTS output pin. “H” level 
is output when receive is disabled (the receive enable bit in UARTi transmit/receive control register 
1 is “Q”). “L” level is output when receive is enabled (the receive enable bit is “1”). It returns to “H” 
level when receive starts. 


@Ttransmission register empty flag (bit 3) 
This flag is set to “O” when the content of UARTIi transmission buffer register is transferred to the 
UARTi transmission register. It is set to “1” when transmission completes and the UARTIi transmission 
register becomes empty. 


b2 b1 
SASTE SS UARTO transmit/receive control register 0 (address 3416) 
: LL [ovlnelon UART1 transmit/receive control register 0 (address 3Cis) 


BRG count source selection bits 

00 : fe selected 

01 : fis selected 

10 : fea selected 

11 : fs12 selected 

CTS/RTS function selection bit 

0 : CTS function selected 

1 : RTS function selected 

Transmission register empty flag 

0 : Data in transmission register (transmitting) 
1 : No data in transmission register (transmit complete) 


Note : Bit 3 is a read-only bit and set to uy at reset. 
Bits 0 to 2 are cleared to “QO” at reset. 
Bits 4 to 7 are undefined at reading. 





Fig. 2.9.4 UARTi transmit/receive control register 0 structure 
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(3) UARTi transmit/receive control register 1 
The UARTO transmit/receive control register 1(address 3516) and the UART1 transmit/receive control 
register 1(address 3D16) consist of serial I/O enable bits, serial I/O status flags, and serial I/O error 
flags. Figure 2.9.5 shows the structure of the UARTi transmit/receive control register 1. 


b7 b6 b5 b4 b3 b2 O5b1_ b0 
R/W R/W UARTO transmit/receive control register 1 (address 351s) 
UART1 transmit/receive control register 1 (address 3D16) 
Transmit enable bit 


0 : Transmission disable 
1 : Transmission enable 


Transmission buffer empty flag 
0 : Data in transmission buffer register 
1 : No data in transmission buffer register 


Receive enable bit 
0 : Receive disable 
1 : Receive enable 


Receive completion flag 
0 : No data in receive buffer register 
1 : Data in receive buffer register 


Overrun error flag 
0 : No overrun error 
1 : Overrun error 


Framing error flag (in UART mode) 
0 : No framing error 
1 : Framing error 


Parity error flag (in UART mode) 
0 : No parity error 
1: Parity error 


Error sum flag (in UART mode) 
0 : No error 
1 : Error occurred 


Note : Bits 5 to 7 are ignored in clock synchronous mode. 
Bit 0 and bits 2 to 7 are cleared to “0” at reset. 
Bit 1 is set to “1” at reset. 
The receive enable bit and each error flag are cleared to “O” when the receive buffer 
register is read. 


Fig. 2.9.5 UARTi transmit/receive control register 1 structure 
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@Ttransmit enable bit (bit 0) 
Serial I/O transmission is enabled when this bit is set to “1”. If this bit is set to “O” during transmitting, 
serial I/O transmission is disabled after the current transmission completes. 


@Transmission buffer empty flag (bit 1) 
This flag indicates the status of the transmission buffer register. This bit is set to “1” when the content 
of the transmission buffer register is transferred to the transmission register. This flag is automatically 
cleared to “O” when data is written in the transmission buffer register. 


@Receive enable bit (bit 2) a 
Serial I/O reception is enabled when this bit is set to “1”. If the RTS function is selected, the RTS pin 
becomes “L” level when this bit is set to “1”. 


@Receive completion flag (bit 3) 
This flag is set to “1” when the data in the receive register is transferred to the receive buffer register 
(receive completion). This flag is cleared to “O” when the low-order byte of the receive buffer register 
is read or when the receive enable bit is set to “O” (receive disabled). 


@Overrun error flag (bit 4) 
This flag is set to “1” when receiving of the next data completes and the content of the receive buffer 
register is updated while there is data remaining in the receive buffer register (before the content of 
the receive buffer register is read). 
This flag is cleared to “O” when the low-order byte of the receive buffer register is read or when the 
receive enable bit is set to “O” (receive disabled). 


@Framing error flag (bit 5) 
[Clock synchronous mode] 
This flag is ignored. 


[UART mode] 
This flag is set to “1” when the number of stop bits is not the number specified with bit 4 of the UARTi 
transmit/receive mode register. This flag is cleared to “O” when the low-order byte of the receive buffer 
register is read or when the receive enable bit is set to “O” (receive disabled). 


@Parity error flag (bit 6) 
[Clock synchronous mode] 
This flag is ignored. 


[UART mode] 
This flag is set to “1” when the parity odd/even is not the one specified. This flag is cleared to “O” when 
the low-order byte of the receive buffer register is read or when the receive enable bit is set to “0” 
(receive disabled). 


@Error sum flag (bit 7) 
[Clock synchronous mode] 
This flag is ignored. 


[UART mode] 
This flag is set to “1” when either an overrun error, a framing error, or a parity error occurs. This flag 
is cleared to “O” when the low-order byte of the receive buffer register is read or when the receive 
enable bit is set to “0” (receive disabled). 
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(4) UARTi transmission register and UARTi transmission buffer register 
The UARTO transmission buffer register(address 3216, 3316) and the UART1 transmission buffer 
register(address 3A16, 3Bis) are registers to set data output from TxDi pin. 
When transmit conditions are satisfied, the transmit data written in the UARTi transmission buffer 
register is transferred to the UARTi transmission register, and is synchronously transmitted from the 
TxDi pin with the specified clock. 
In clock synchronous mode and 7 or 8-bit UART mode, only the low-order byte of the UARTIi trans- 
mission buffer register is used. In 9-bit UART mode, bit 8 of the transmit data is written in bit O of the 
high-order byte, and the remaining 0 to 7 bits are written in the low-order byte. 
The UARTi transmission buffer register becomes empty after the data is transferred to the UARTi 
transmission register. Therefore, the next transmit data can be written during transmission. 
The content of UARTi transmission buffer register can not be read because it is a write-only register. 
Figure 2.9.6 shows the block diagram of serial I/O transmission. 


i>». Data bus (even)? ov ep ee 


UARTI transmission buffer register 


[bs] — [D7 [De [Ds[D4[Ds]D2[D1 [Do 


8-bit UART 
90-bit UART 
Parity UART QbtUART — ¥ Clock sync. _j | : 
O ‘ 0 | 
(cg A EK O 1x0) 


) O O 
No parity | Clock : : eve ; 
’ (ie mpaant —-|?KUART_—- ARTI transmission register 
ock sync 


Fig. 2.9.6 Serial 1/O transmission block diagram 





(5) UARTi receive register and UARTi receive buffer register 
The UARTIi receive register converts serial data input to the RxDi pin to parallel data. The RxDi pin 
level is moved bit by bit to the UARTi receive register synchronized with the rising edge of the 
synchronous clock. 
The UARTO receive buffer register(address 3616, 3716) and the UART1 receive buffer register(address 
3E16, 3F 16) are registers to read the received data. The content of UARTIi receive register is automati- 
cally transferred to the UARTi receive buffer register when data receive completes. 
The contents of the high-order 7 bits of the UARTi receive buffer register are always “0” at reading. 
The same data as the MSB (most significant bit) of effective receive data can be read from the unused 
bits of the low-order 9 bits as follows: 


@D7 and Ds in 7-bit UART mode. 
@Ds in 8-bit UART mode and clock synchronous mode. 


Note that the content of UARTi receive buffer register will be updated if the next receive data becomes 
available before the UARTi receive buffer register is read( overrun error occurs). 
Figure 2.9.7 shows the block diagram of serial I/O receive. 





117 











FUNCTIONAL DESCRIPTION 


2.9 Serial /O 


[D7 | De | Ds} D4 | D3} D2| D1 | Do 


7-bit UART 7-bit UART F : ; 
g-bit UART UARTi receive register 
Clock sync. 





Fig. 2.9.7 Serial 1/O receive block diagram 


(6) UARTi baud rate generator (BRG) 
The UARTO baud rate generator (address 3116) and the UART1 baud rate generator (address 3916) are 
timers used exclusively for serial I/O. It is equipped with a reload register and has a 8-bit structure. 
The BRG divides the input clock by (n+1), where “n” is the value set in the BRG register. This register 
can contain a value between 0016 and FFie. 
In clock synchronous Serial I/O mode, the BRG becomes effective when an internal clock is selected 
and the BRG output divided by 2 becomes the transmit/receive clock. 
In UART mode, the BRG is effective regardless of the clock type and the BRG output divided by 16 
becomes the transmit/receive clock. 
The content of the BRG register can not be read because it is a write-only register. 
Figure 2.9.8 shows the block diagram of shift clock generation. 


@ Clock synchronous mode 


BRG 


Transmission control circuit Transmission clock 
Receive control circuit Receive clock 
@ UART mode 


f e Transmission control circuit Transmission clock 
l 

f ee Receive control circuit Receive clock 

EXT 


fi: Internal clock selected with the BRG count source selection bit 
fEXT: External clock input to the CLKi pin 





Fig. 2.9.8 Shift clock generation block diagram 
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(7) UARTi transmission interrupt control register and UARTi receive interrupt control register 
Transmit interrupt and receive interrupt can be used when the serial I/O function is selected. Each 
interrupt has an interrupt control register. Interrupt control register consists of interrupt priority level 
selection bits and interrupt request bit. Figure 2.9.9 shows the structure of UARTi transmission inter- 
rupt control register and UARTI receive interrupt control register. 

Refer to section “2.6 Interrupts” for more information. 


@linterrupt priority level selection bits (bits 0 to 2) 
These bits are used to select the interrupt priority level. They should be set to a level between 1 
and 7 when using serial |/O interrupts. When there is an interrupt request, this level is compared with 
the processor interrupt priority level (IPL) in the processor status register (PS). The interrupt is 
allowed only when this level is greater than IPL (interrupt disable flag | must be “O”). Set the 
corresponding bits to “O00” (level 0) to disable an interrupt. 


@lnterrupt request bit (bit 3) 
The transmit interrupt request bit is set to “1” when data is transferred from the UARTi transmission 
buffer register to the UARTi transmission register for data transmission. 
The receive interrupt request bit is set to “1” when data receive completes and data is transferred 
from the UARTi receive register to the UARTi receive buffer register. 
The interrupt request bit set to “1” is cleared to “O” when the interrupt request is accepted. This bit 
can be set or cleared by program. 


b2__ ib UARTO transmission interrupt control register (address 7116) 


b3 b0 
R/W | R/W | R/W |! Rew | UARTO receive interrupt control register (address 7216) 
eee UART1 transmission interrupt control register (address 7316) 


UART1 receive interrupt control register (address 7416) 


Interrupt priority level selection bits 
000 : Level O (disable interrupt) 
001 : Level 1 Low 

010 : Level 2 

011: Level 3 

100 : Level 4 Priority 

101 : Level 5 

110 : Level 6 

111: Level 7 High 


Interrupt request bit 
0 : No interrupt request 
1 : Interrupt request 


Note: Bits 4 to 7 are undefined at reading. 
Bits 0 to 3 are cleared to “O” at reset. 





Fig. 2.9.9 UARTI transmission interrupt control register and UARTIi receive interrupt control register structure 
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(8) Port P8 direction register 
Serial I/O input/output pins are shared with port P8. Port P8 function is selected by the serial I/O mode 
selection bits of the UARTi transmit/receive mode register. When using port P8 as serial I/O input pins, 
the corresponding bit in the direction register must be set to “O”(inpDut mode). When using port P8 as 
serial I/O output pins, it functions as serial I/O output pins regardless of the direction register. 
Figure 2.9.10 shows the relationship between the port P8 direction register(address 1416) and the serial 
I/O pins. 


b6  b b4 b3 b2 bi ob 


b7 5 0 
R/W | Port P8 direction register (address 1416) 


CTSo input/RTSo output pin 
CLKo 1/O pin 

RxDo input pin 

TxDo output pin 

CTS1 input/RTS1 output pin 
CLK1 I/O pin 

RxD1 input pin 

TxD1 output pin 


f 


Note: This register is cleared to “0016” at reset. 





Fig. 2.9.10 Relationship between port P8 direction register and serial 1/O pins 
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2.9.3 Clock synchronous serial 1I/O 
Table 2.9.4 shows the performance of clock synchronous serial l/O mode. 


Table 2.9.4 Clock synchronous serial I/O description 
Parameter Function 
Data format 8 bit fixed, LSB first 
Transmission speed BRG output divided by 2 
External clock 2Mbps maximum (at f(Xin)=8MHz) 
4Mbps maximum (at f(Xin)=16MHz) 
5Mbps maximum (at f(Xin)=25MHz) 
Transmit/receive control CTS input or RTS output can be selected by program. 





(1) Synchronous clock (shift clock) 
The serial I/O data transfer rate is determined by the synchronous clock (shift clock). The M37702 
group can select whether to generate this clock internally or to use an external clock. The synchronous 
clock is generated internally when the UARTi transmit/receive mode register bit 3 is set to “O”, and 
externally when it is set to “1”. 
In clock synchronous mode, the synchronous clock used for data transfer is generated by activating 
the transmitter. Therefore, the transmitter must be activated even when performing receive only. 


@Using internal generation clock as synchronous clock 

When the internal/external clock selection bit is set to “O”, the BRG output divided by 2 is used as the 
synchronous clock. In this case, the CLKi pin becomes output mode and the transmit/receive syn- 
chronous clock is output from the CLKi pin. 

The BRG is a serial 1/O timer which has a 8-bit structure and is used as a frequency divider to 
generate the desired frequency. The BRG divides the clock selected with bits 0 and 1 in the UARTIi 
transmit/receive control register 0 by (n+1). The synchronous clock is the divided clock by 2 which has 
been divided by (n+1) with the BRG. “n” is the value set in the BRG register. It can be set a value 
between O016 and FFe. 


Synchronous clock frequency .............fi / (2(m+1)) 
fi: BRG input frequency (i=2, 16, 64, 512) 
8 synchronous clocks are generated by activating the trans- 
mitter. 


@Using external input clock as synchronous clock 
When the internal/external clock selection bit is set to “1”, the external clock is used as the synchro- 
nous clock. 
When an external clock is selected, the clock input to the CLKi pin becomes the synchronous clock. 
Set the port P8 direction register bit 1(CLKo) and bit 5(CLK1) to “O” to select input mode. 
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(2) Serial data transmission 
The data transmission method in clock synchronous serial I/O mode is described below. 


[Setting the control registers] 
Set each serial I/O control register for transmission. 


@UARTI transmit/receive mode register 
*Serial I/O mode selection bits 
Set the bits 2 to 0 to “001”. 


eInternal/external clock selection bit 
Select either an internal clock (“0”) or an external clock (“1”). 


‘Setting the bit 7 to “O” (disable sleep mode) 


@UARTIi transmit/receive control register 0 
*-BRG count source selection bits 
Select the BRG count source with bits 0 and 1 when an internal clock is selected for synchronous 
clock. 


‘CTS/RTS function selection bit 
Set the bit 2 to “O” when using CTS function, and to “1” when not use. 


@UARTIi baud rate generator(BRG) 
«Dividing ratio 
Set the BRG value between 0016 and FFie when an internal clock is selected for synchronous clock. 


@Port P8 direction register 
*-Port direction selection bits 
Set the corresponding bit to “O” when the CTS function is selected and an external clock is selected. 


@UARTIi transmission interrupt control register 
«Interrupt priority level selection bits 
When using UARTi transmission interrupt, set the priority level to the level 1 to 7. When not use, set 
to the level 0. 


@®UARTIi transmission buffer register 
Transfer data 
Set a transfer data to the low-order byte of UARTi transmission buffer register. The transmission buffer 
empty flag of UARTi transmit/receive control register 1 is cleared to “OQ” at the same time. 


@UARTIi transmit/receive control register 1 
eTransmit enable bit 
Set the bit 0 to “1” to enable transmitting. 


Figure 2.9.11 shows the setting example of clock synchronous serial I/O related registers at transmit- 
ting. 
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UARTO transmit/receive mode register (address 3016) 
UART1 transmit/receive mode register (address 3816) 
b7 b0 





(See ee a ee eee eee ee 





Internal/External clock selection bit 
0: Internal clock 
1 : External clock 


UARTO transmission interrupt control register (address 7116) 
UART1 transmission interrupt control register (address 7316) 


b7 b0 










Fix to “O”. 





Interrupt priority level selection bits 

Set to level 1 to 7 when using 

interrupts. | 
UARTO transmit/receive control register 0 (address 3416) 

UART1 transmit/receive control register 0 (address 3C16) 


b7 bO 


UARTO transmission buffer register (address 3216) 
UART1 transmission buffer register (address 3A16) 


bO 


BRG count source selection bits 
00 : f2 selected 

01 : fi6 selected 

10 : f64 selected 

11 : 12 selected 


CTYRTS function selection bit 

0 : CTS function selected 

1 : RTS function selected (CTS 
function disabled) 


Set a transmit data. 


UARTO transmit/receive control register 1 (address 3516) 
UART1 transmit/receive control register 1 (address 3D16) 


UARTO BRG register (address 3116) 
UART1 BRG register (address 3916) 


Transmit enable bit 
0: Transmission disable 
1: Transmission enable 








Corresponding to GTSo pin Transmitting operations start. 


Corresponding to CLKo pin 

Transmitting operations start when the following conditions are satisfied : 

@Transmission is enabled (the transmit enable bit is “1”). 

@Transmit data is available in the UARTi transmission buffer register 
(the transmission buffer empty flagis“O"), 

@CTSi pin input level is “L” (in case of selecting CTS function). 


Corresponding to CTS1 pin 
Corresponding to CLKi pin 








eee ee ee ee eee eee 


u 
a 
a 
| 
Ben 


Fig. 2.9.11 Setting example of clock synchronous serial 1/O related registers at transmitting 
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[Transmit operation] 
The transmission of serial data starts when the following conditions are satisfied : 


@® Transmission is enabled (the transmit enable bit is “1”). 

@ Transmit data is available in the UARTi transmission buffer register (the transmission buffer empty 
flag is “O”). 

@ CTSi pin input level is “L”. 
(Note : This condition is ignored if the CTS function is not selected.) 


When the above three (@ to © ) conditions are satisfied (two (© and @ ) if CTS function is not selected), 
the following operations are performed automatically at the same time : 


@lransfer the content of UARTi transmission buffer register to the UARTi transmission register. 
@Generate 8 shift clocks. 

@Set the transmission buffer empty flag to “1”. 

@Clear the transmission register empty flag to “O”. 

@UARTIi transmission interrupt request occurs and set the interrupt request bit to “1” . 


Interrupts must be enabled before they can be used. Refer to section “2.6 Interrupts” for more infor- 
mation. 

The shift clock is input to the transmit control circuit through the CLKi pin. The data in the UARTi 
transmission register is transmitted bit by bit from the TxDi pin (starting at the low-order bit) at each 
falling edge of shift clock. When the 1-byte data transmission is completed by the 8 shift clocks, the 
transmission register empty flag is set to “1”. Figure 2.9.12 shows the clock synchronous serial I/O 
transmit operation. 

The synchronous clock is generated continuously if the conditions for the next data are satisfied when 
the transmission completes. Therefore, to transmit data continuously, the next data must be written in 
the UARTi transmission buffer register while data is being transmitted (when the transmission register 
empty flag is “O”). If the conditions to transmit the next data are not satisfied, the synchronous clock 
halts at “H” level. 

Figure 2.9.13 shows the timing diagram of clock synchronous serial I/O at transmitting (internal clock 
is selected as synchronous clock, CTS function is selected). 
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b7 b0 


UARTIi transmission buffer register Transmit data 


MSB <p LSB 
Shift clock 
[Jor [Bs]D-|.[D.]o-B. 


[OB]. }>o 
eee... 





Fig. 2.9.12 Clock synchronous serial I/O transmit operation 


—|  —1/fix(n+1) x2 
Transmit 
clock 


Transmit “1” 


enable bit HO” Write in UARTI transmission 


Transmission uy” | buffer register. 
QD 
bulfer oF ly “~—” UART| transmission register 
ag | < UARTI transmission buffer register 


“LL” 
CTSi oy ies 
—+| + 1/fix(n+1) x2 Y Stop because transmit enable bit is “O”. 


CLKi ‘ 


TENDi : | | : | | : | | 
130) NEXEKEXEXENEXEKE_KOXEMEXEKEXENEXE__KBXEEXONAXONONE: 


Transmission “4” | ri TCO | 
register 


empty flag “0” 


fi: Selected internal clock frequency 

Tenoi : Check next transmit condition when this signal becomes “H” level. 
(Tendi is an internal signal and can not be observed externally.) 

n : Value set in the BRG 





Fig. 2.9.13 Clock synchronous serial I/O timing diagram at transmitting (selecting internal clock) 
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(3) Serial data receive 
The data receive method in clock synchronous serial 1/O mode is described below. 


[Setting the control registers] 
Set each serial I/O control register for receive. 


@UARTIi transmit/receive mode register 
Serial I/O mode selection bits 
Set the bits 2 to 0 to “001”. 


eInternal/external clock selection bit 
Select either an internal clock (“0”) or an external clock (“1”). 


‘Setting the bit 7 to “0” (disable sleep mode) 


@UARTI transmit/receive control register 0 
*-BRG count source selection bits 
Select the BRG count source with bits 0 and 1 when an internal clock is selected for synchronous 
clock. 


*CTS/RTS function selection bit —__ 
Set the bit 2 to “1” when using RTS function, and to “0” when not use. 


@UARTi baud rate generator (BRG) 
«Dividing ratio 
Set the BRG value between 0016 and FFie when an internal clock is selected for synchronous clock. 


@Port P8 direction register 

«Port direction selection bits 
Set the corresponding bit to “0” to the CLKi pin in case that an external clock is selected, and RxDi 
pin. 


@UARTi receive interrupt control register 
‘Interrupt priority level selection bits 
When using UARTI receive interrupt, set the priority level to the level 1 to 7. When not use, set to the 
level 0. 


@®UARTi transmission buffer register 
‘Dummy data 
Set a dummy data to the low-order byte of UARTi transmission buffer register in order to activate a 
transmitter. The transmission buffer empty flag of UARTi transmit/receive control register 1 is cleared 
to “O” at the same time. 


@UARTIi transmit/receive control register 1 
‘Transmit enable bit ° 
Set the bit 0 to “1” in order to enable transmitting. 


“Receive enable bit 
Set the bit 2 to “1” in order to enable receiving. 


Figure 2.9.14 shows the setting example of clock synchronous serial !/O related registers at receiving. 
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UARTO transmit/receive mode register (address 3016) 
UART1 transmit/receive mode register (address 3816) 


Internal/External clock selection bit 
0 : Internal clock 
1 : External clock 


Fix to “0”. 


UARTO transmit/receive control register 0 (address 3416) 
UART1 transmit/receive control register 0 (address 3C16) 
b7 bO 


BRG count source selection bits 
00 : f2 selected 

01: fi6 selected 

10 : fe4 selected 

11: f512 selected 


CTYRTS function selection bit 

0 : CTS function selected (RTS 
function disabled) 

1: RTS function selected 


UARTO BRG register (address 31 16) 
UART1 BRG register (address 3916) 


Corresponding to CLKo pin 
Corresponding to RxDo pin 


Corresponding to CLK1 pin 
Corresponding to RxD1 pin 





2 ee eee es 


UARTO receive interrupt control register (address 7216) 
UART1 receive interrupt control register (address 7416) 
b7 bO 





Interrupt priority level selection bits 
Set to level 1 to 7 when using 
interrupts. 


UARTO transmission buffer register (address 3216) 
UART1 transmission buffer register (address 3A16) 


b7 0 


—_—. 


Set a dummy data. 


UARTO transmit/receive control register 1 (address 3516) 
UART1 transmit/receive control register 1 (address 3D16) 


Transmit enable bit | 
0 : Transmission disable 
1 : Transmission enable 


Receive enable bit 
0: Receive disable 
1 : Receive enable 





Receiving operations start. 


Receiving operations start when the following conditions are satisfied : 

@Reception is enabled (the receive enable bit is “1”). 

@Transmission is enabled (the transmit enable bit is “1”). 

@Dummy data is available in the UARTi transmission buffer register 
(the transmission buffer empty flag is “O”). 





Fig. 2.9.14 Setting example of clock synchronous serial I/O related registers at receiving 
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[Receive operation] 
The reception of serial data starts when the following conditions are satisfied : 


@ Reception is enabled (the receive enable bit is “1”). 

@ Transmission is enabled (the transmit enable bit is “1”). 

® Dummy data is available in the UARTi transmission buffer register (the transmission buffer empty 
flag is “O”). 


Serial data receive is enabled by enabling transmission and setting the receive enable bit to “1”. When 
the receive enable bit is set to “1”, the RTSi pin becomes “L” level to indicate externally that the mi- 
crocomputer is ready to receive serial data (in case that RTS function is selected). The transmit and 
- receive timing can be synchronized by connecting the RTSi output pin to the CTSi pin on the transmit 
side. Figure 2.9.15 shows the connecting example of clock synchronous serial 1/O. 
The RxDi pin level is used to establish the most significant bit of the UARTi receive register at the rising 
edge of the shift clock ( the clock input to the CLKi pin when an external clock is selected), and the 
content of the UARTi receive register is shifted by 1 bit to the right. This operation is repeated each 
time a rising edge is input. When 1-byte data is accumulated in the UARTi receive register after 8 shift 
clocks, the content of UARTi receive register is transferred to the UARTi receive buffer register. At the 
same time, the receive completion flag is set to “1”. When the receive completion flag is set to “1”, 
UARTIi receive interrupt request occurs and the interrupt request bit is set to “1”. Interrupts must be 
enabled before they can be used. Refer to section “2.6 Interrupts” for more information. The receive 
completion flag is cleared to “O” when the UARTi receive buffer register is read. 
Figure 2.9.16 shows the clock synchronous serial I/O receive operation and Figure 2.9.17 shows the 
timing diagram at receiving (external clock is selected, RTS function is selected). 


Transmit side Receive side 





Fig. 2.9.15 Connecting example of clock synchronous serial 1/O 


/ 
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Shift clock 


Sele ee ee 
7 


Fig. 2.9.16 Clock synchronous serial I/O receive operation 





Receive “1” 
enable bit ug” | 
“ ” | 

Transmit “1 

enable bit wo» 


Write dummy data in UARTi 


| 
Transmigsion “1° | transmission buffer register. 
buffer ae us (bd 
flag “0 1 UARTI transmission register 


“| < UARTI transmission buffer register 


RTSi 
| —>| eee 
1p 


Establish the data. 


RxD O00 0 © C.© Cae © 00.0.0 


“4” Read UARTI receive 


Receive . 
completion flag , 0” buffer register. 


! 


CLKi 


Fi : External clock frequency 





Fig. 2.9.17 Clock synchronous Serial !/O timing diagram at receiving (selecting external clock) 
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[Precaution during clock synchronous serial I/O receive] 


1. 


With clock synchronous serial I/O, shift clocks are generated by operating a transmitter. Therefore, trans- 
mission operations must be performed even if only receive is necessary. Also note that dummy data is 
output from the TxDi pin (transmit pin) during receive. 


. In case that an internal clock is selected, a shift clock is generated when the transmit enable bit is set 


to “1” (transmit enabled) and a dummy data is set in the UARTi transmission buffer register. 

In case that an external clock is selected, a shift clock is generated when the transmit enable bit is set 
to “1”, a dummy data is set in the UARTi transmission buffer register, and external clock is input to the 
CLKi pin. 


. When receiving data continuously, an overrun error occurs and bit 4 (overrun error flag) in the UARTi 


transmit/receive control register 1 is set to “1” if the next receive data becomes available in the UARTi 
receive register while the receive completion flag is “1” (before reading the content of the UARTi receive 
buffer register). In this case, the UARTi receive buffer register contains the next data. Therefore, the 
transmit and receive programs must make arrangements to re-transmit the previous data when an overrun 
error occurs. 

The interrupt request bit is not set to “1” when an overrun error occurs. 


. When continuously receiving data, a dummy data must be set in the low-order byte of the UARTi transmission 


buffer register as each receive. 
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2.9.4 Clock asynchronous serial I/O (UART) 
Table 2.9.5 shows the serial I/O performance in UART mode. 


Table 2. 9.5 UART description — = eee 
Parameter Function 


Data format Start bit 1 bit 
Data bit (character length) |7 bits, 8 bits, or 9 bits 


0 bit or 1 bit (Odd or even can be selected.) 
|Stop bit it sit or 2 bits 
Baud rate BRG output divided by 16 
External clock 125Kbps maximum (f(Xin)=8MHz) 
250Kbps maximum (f(Xin)=16MHz) 
312.5Kbps maximum (f(Xin)=25MHz) 
Error detection 4 types (overrun, parity, framing, error sum) 
(Error sum can be used to check existence of error.) 


In UART mode, the baud rate*' and the data format must be set beforehand. The setting of the baud rate 
and the transfer format are described below. 


Baud rate*' : Frequency of the clock used for transmission and receive. 


(1) Transmission rate 
The serial data transfer rate is determined by the baud rate. The baud rate is set by the BRG. The 
BRG is a frequency divider that has 8-bit structure. The BRG input clock can be either an internal 
clock or an external clock input to the CLKi pin with the internal/external clock selection bit. 
When an internal clock is selected, 1/2, 1/16, 1/64, or 1/512 of the f(Xin) is selected with the BRG 
count source selection bits. When an external clock is selected, the clock input to the CLKi pin is input 
to the BRG. 
The clock input to BRG is divided by (n+1) and then by 16 to obtain the baud rate. 
Table 2.9.6 shows the baud rate selection table. 
If the required baud rate is B (bps), use the following equation to determine the value “n” set in the 
BRG. 


= Fi/(16XB) -— 1, where “B’”=the required baud rate, “Fi’=the clock frequency input to the BRG 
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Table 2.9.6 Baud rate selection table (1) 


Baud rate (bps) ~£(Xin)=16MHz 


f(Xin)=8MHz 
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pad [tow [en vane fi a 
75 25 (1916) 
110, || 110.04 | fos | 70 (46re) | foe 141 (8Di6 
1345 | 134.70 | fee | 57 (805) | fos 115 (7316 
150, | 150.24 | fee | 51 (3816) |S 103 (6716 
300 | 300-48 | fo | 5 (190) | toe 51 (3316) 
600 | = 600.96 | fos 12 ae 25 (1916 
1200 eet 51 (3316) 
2400 | 2403.85 | fe | 12 (OCs) | ftw 25 (1916) 
4800 | 4807.69 | f2 | : ae 103 (6716 
9600 fe 25 (1916 51 (3316 
19200 fe 2 (0Ci6) 25 (1916) 
31250 15 (OF i 
62500 +t is ee Yee 7 (0716) 
125000 | 12500000 | of | 1 (Otte) | ete 3 (0316 
250000 -ze0000.90 | fe __{_0.100) _{_te_ 1 (0116) 
500000 0 (0016 
Table 2.9.6 Baud rate selection table (2) 
Baud rate (Xin) = =20MHz f(Xin)=25MHz 
(bps) BRG value Actual (bps) | fi | BRG value | Actual (bps) 
150 | ites =~ | 129 (84) | 150.24 || fee ~— |= 162 (AQ) | ——*149.78 
300 301.41 
600 600.96 fie 162 (A2i6 599.12 
1200 80 (5516 1205.63 
2400 2367.42 fre 40, (2816 2381.86 
4800 4807.69 fo 162 (A216 4792.94 
9600 | fe | 64 (40%) | 9615.38 - fe 80 (5516 9645.06 
19200 | fe | 32 (201%) |  18939.39 40 (2816 19054.88 
31250 | fa | 19 (1316) 31250.00 24 (1816) 31250.00 


FUNCTIONAL DESCRIPTION 
2.9 Serial I/O 





(2) Transfer format 
The format of the transfer data is set with the UARTi transmit/receive mode register. 
Data can be transferred in the following modes shown by Figure 2.9.18. 


[DATA 
ST PAR 
UART mode (Start bit) Gag sa) Parity bit) 
character 


7-bit UART mode 


— 


a] 8 


8-bit VART mode 


a 


9-bit UART mode 


—_, 
U 
> 
we) 


1ST 
1ST 
| 1ST 
| 1ST 
1ST 


—_., 
— 
> 
mu 


= 
ie) ma 
=e) 





Fig. 2.9.18 Data format for transfer 
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Figure 2.9.19 shows the data format for example and Table 2.9.7 shows the transfer data in UART 
mode. 


> 


Example of | 8-bit UART mode 8DATA {PAR 


—— > Time The next transfer data 
_ (during continuous output) 
$$ $$_$_______— Transfer data 


basse, SiC eee 


st MSs anal MSB | PAR |. SP ST 





Fig. 2.9.19 Data format example 


Table 2.9.7 Transfer data in UART mode 


Item | Function 
ST This bit indicates the start of data transmission. A 1-bit “L” signal is appended in front 
(Start bit) of the transmission data. 
DATA This is the transmission data written in the UARTi transmission buffer register. 
(Character) 
SP This bit appends after the data (or after the parity bit if it is included) to indicate the end 
Stop bit) of transmission. A 1 or 2-bit “H” signal is output as a stop bit. 
PAR This bit appends to the end of data to improve the reliability of data. This bit is appended 
(Parity bit) so that the number of 1s in the data including the parity bit is always even or odd. 
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(3) Serial data transmission 
The data transmission method in UART mode is described below. 


[Setting the control registers] 
Set each serial |/O control register for transmission. 


@UARTIi transmit/receive mode register 
‘Serial |/O mode selection bits 
Select the data length with the bits 0 to 2. 


Table 2.9.8 Setting of UART mode 


b2|b1/ b0. UART operation mode 


1 | 0]{0 1|7-bit UART mode 
1 | 0 | 1 |[8-bit UART mode 


1 | 1 | 0 [9-bit UART mode 


eTransfer format 
Select stop bit length, parity enable/disable, and odd/even parity if parity is enabled. 


eInternal/external clock selection bit 
Select either an internal clock (“O”) or an external clock (“1”) as the BRG count source. 


*Sleep function selection bit 
Set the bit 7 to “1” when enable the sleep function, and to “O” when disable it. 
(See “2.9.5 Sleep mode” for details of sleep mode.) 


QUARTIi transmit/receive control register 0 
*-BRG count source selection bits 
Select the BRG count source with bits 0 and 1 when an internal clock is selected for BRG input clock. 


*CTS/RTS function selection bit 
Set the bit 2 to “O” when using CTS function, and to “1” when not use. 


®UARTIi baud rate generator(BRG) 
«Dividing ratio 
Set the BRG value between 0016 and FFie. 


@Port P8 direction register 
‘Port direction selection bits a 
Set the corresponding bit to “O” when the CTS function is selected and an external clock is selected. 


®UARTIi transmission interrupt control register 
eInterrupt priority level selection bits | 
When using UARTIi transmission interrupt, set the priority level to the level 1 to 7. When not use, set 
to the level 0. 


®UARTIi transmission buffer register 
Transfer data 
Set a transfer data to the UARTi transmission buffer register. The transmission buffer empty flag of 
UARTi transmit/receive control register 1 is cleared to “O” at the same time. 


®UARTIi transmit/receive control register 1 
«Transmit enable bit 
Set the bit 0 to “1” to enable transmitting. 
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Figure 2.9.20 shows the setting example of UART related registers at transmitting. 


UARTO transmit/receive mode register (address 3016) 
UART1 transmit/receive mode register (address 3816) 


oe i 
a ee 


Serial I/O mode selection bits 
100 : 7-bit UART 
101 : 8-bit UART 
110; 9-bit UART 


Internal/External clock selection bit 
0: Internal clock 
1: External clock 


Stop bit length selection bit 
0: One stop bit 
1 : Two stop bits 


Odd/Even parity selection bit 
0 : Odd parity 
1: Even parity 


Parity enable bit 
0 : Parity disabled 
1: Parity enabled 


Sleep function selection bit 
0 : Sleep function disabled 
1 : Sleep function enabled 


UARTO transmit/receive control register 0 (address 3416) 
UART1 transmit/receive control register 0 (address 3C16) 


b7 bo 


BRG count source selection bits 
00 : fe selected 

01 : f16 selected J 
10 : f64 selected 

11: f512 selected 


CTS/RTS function selection bit 

0 : CTS function selected 

1: RTS function selected (CTS 
function disabled) 


UARTO BRG register (address 3116) 
UART1 BRG register (address 3916) 


Seta value between 0016 and FF 16. 





/ 
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Corresponding to CTSo pin 
Corresponding to CLKo pin 


Corresponding to CTSi pin 
Corresponding to CLK1 pin 


UARTO transmission interrupt control register (address 7116) 
UART1 transmission interrupt control register (address 7316) 


b7 b0 


Interrupt priority level selection bits 
Set to level 1 to 7 when using 
interrupts. 


UARTO transmission buffer register (address 3216, 3316) 
UART1 transmission buffer register (address 3A16, 3B16) 


UARTO transmit/receive control register 1 (address 3516) 
UART1 transmit/receive control register 1 (address 3D16) 


Transmit enable bit 
0: Transmission disable 
1: Transmission enable 


Transmitting operations start. 


Transmitting operations start when the following conditions are satisfied : 

@Transmission is enabled (the transmit enable bit is “1”). 

@Transmit data is available in the UARTi transmission buffer register 
(the transmission buffer empty flagis“O"), 

@CTS: pin input level is “L” (in case of selecting CTS function). 


Fig. 2.9.20 Setting example of UART related registers at transmitting 
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[Transmit operation] 

The only difference between 7-bit UART, 8-bit UART, and 9-bit UART is the length of the transmitted 
data. The low-order byte of the UARTi transmission buffer register is used for 7-bit and 8-bit UART. The 
low-order byte and bit 0 of the high-order byte is used for 9-bit UART. 

The transmission of serial data starts when the following conditions are satisfied : 


@ Transmission is enabled (the transmit enable bit is “1”). 

@ Transmit data is available in the UARTi transmission buffer register (the transmission buffer empty 
flag is “O”). 

@ CTSi pin input level is “L”. 
(Note: This condition is ignored if the CTS function is not selected.) 


When the above three ( ® to @ ) conditions are satisfied (two ( ® and @ ) if CTS function is not 
selected), the following operations are performed automatically at the same time : 


@lTransfer the content of UARTi transmission buffer register to the UARTi transmission register. 
@Set the transmission buffer empty flag to “1”. 

@Clear the transmission register empty flag to “O”. 

@UARTIi transmission interrupt request occurs and set the interrupt request bit to “1”. 


Interrupts must be enabled before they can be used. Refer to section “2.6 Interrupts” for more infor- 

mation. 

Data transmission starts from the TxDi pin when the data is transferred to the UARTi transmission 

register. When transmission starts, data is output from the TxDi pin in the format specified by the UARTI 

transmit/receive mode register. The data is output bit by bit in the order; 
ST—DATA(LSB)—>...>3DATA(MSB)>PAR-SP. 


After the stop bit has been output, the transmission register empty flag is set to “1” to indicate that the 
transmission has completed. If the next data is available when transmission completes, a start bit is 
generated following the stop bit and the next data is transmitted. In order to continuously transfer data, 
the next transmission data must be set in the UARTi transmission buffer register during transmitting 
operations (when the transmission register empty flag is “O”). If the transmit conditions for the next data 
is not satisfied, “H” level is output from the TxDi pin. 

Figure 2.9.21 shows the timing diagram of 8-bit UART at transmitting (with parity, 1 stop bit and CTS 
function). Figure 2.9.22 shows the timing diagram of 9-bit UART (with 2 stop bits, no parity and no CTS 
function). 
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—»| L— (1 /fior 1/fext) X (n+1) X 16 


Transmit 
clock 


Transmit “1” 
enable bit “oO” 


Write in UARTI transmission 
Transmission “1” ra buffer register. 
buffer su ~~ 
flag “O 


UARTI transmission register 
——— "“}}" <-UARTi transmission buffer register 


CTSi 
ap 


TENDi 


. Parity St : 
Start bit A bie | Stop because the transmit 


7x0 sSKEMBXEXEXONENENEKEYA SiAMANEKEKONNOEYY—”\ssKONONDY 
i 9 a 


empty flag “Oo” 


fi: Selected internal clock frequency 

fext : Selected external clock frequency 

Tenbi : Check next transmit condition when this signal becomes “H” level. 
(Tendi is an internal signal and cannot be observed externally.) 

n: Value set in the BRG 





Fig. 2.9.21 8-bit UART timing diagram at transmitting (with parity and 1 stop bit) 


—+| [a (1 /fior 1/fext) X (n+1) X 16 


Transmit 
clock 


ans “4 " 
enabpie Dil «op 
i 0 Write in UARTi transmission © 


Transmission “1” buffer register. 


buffer empty @ 
flag “0 a 
UARTI transmitssion register 
< UARTI transmission buffer register 
TENDi 
Stop Stop Stop because the 


Start bit b transmit enable bit is “0”. 


TxD TOOOOOCS OORT OOCOOOOS OGM OO 


Transmission “1” 
register “0° | | | | | 


empty flag 


fi: Selected internal clock frequency 

fext : Selected external clock frequency 

Tendi : Check next transmit condition when this signal becomes “H” level. 
(Tendi is an internal signal and cannot be observed externally.) 

n: Value set in the BRG 


Fig. 2.9.22 9-bit UART timing diagram at transmitting (no parity and 2 stop bits) 
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(4) Serial data receive 
The data receive method in UART mode is described below. 


[Setting the control registers] 
Set each serial I/O control register for receive. 


@®UARTIi transmit/receive mode register 


Match the format with the transmitting side. 
«Serial 1/O mode selection bits 
Select the data length with the bits 0 to 2. 


Table 2.9.9 Setting of UART mode 
UART operation mode 
1 | 0 | 0 |7-bit UART mode 


1 | 0] 1 |8-bit UART mode 
1 | 1] 0 |9-bit UART mode 






¢Transfer format 
Select stop bit length, parity enable/disable, and odd/even parity if parity is enabled. 


eInternal/external clock selection bit 
Select either an internal clock (“0”) or an external clock (“1”) as the BRG count source. 


«Sleep function selection bit 
Set the bit 7 to “1” when enable the sleep function, and to “O” when disable it. 
(See “2.9.5 Sleep mode” for details of sleep mode.) 


QUARTI transmit/receive control register 0 
*BRG count source selection bits 
Select the BRG count source with bits 0 and 1 when an internal clock is selected for BRG input clock. 


eCTS/RTS function selection bit 
Set the bit 2 to “1” when using RTS function, and to “O” when not use. 


@®UARTi baud rate generator(BRG) 
«Dividing ratio 
Set the BRG value between OOi6 and FFie. 


@Port P8 direction register 
¢Port direction selection bits 
Set the corresponding bit to “O” to the TxDi pin and the CLKi pin when an external clock is selected. 


®UARTIi receive interrupt control register 

eInterrupt priority level selection bits 
When using UARTi receive interrupt, set the priority level to the level 1 to 7. When not use, set to the 
level 0. 


®UARTIi transmit/receive control register 1 
«Receive enable bit 
Set the bit 2 to “1” to enable receiving. 


Figure 2.9.23 shows the setting example of UART related registers at receiving. 
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UARTO transmit/receive mode register (address 3015) 
UART1 transmit/receive mode register (address 3816) 


ee ce eee 
, is 


Serial I/O mode selection bits 
100 : 7-bit UART 
101 : 8-bit UART 
110: 9-bit UART 


Internal/External clock selection bit 
0 : Internal clock 
1: External clock 


Stop bit length selection bit 
0: One stop bit 
1: Two stop bits 


Odd/Even parity selection bit 
0 : Odd parity 
1 : Even parity 


Parity enable bit 
0: Parity disabled 
1 : Parity enabled 


Sleep function selection bit 
0 : Sleep function disabled 
1: Sleep function enabled 





Match the format with transmitting side. 


UARTO transmit/receive control register 0 (address 3416) 
UART1 transmit/receive control register 0 (address 3C16) 


b0 


BRG count source selection bits 
00 : f2 selected 

01 : f16 selected 

10 : f64 selected 

11: {512 selected 


CTS/ATS function selection bit 

0 : CTS function selected (RTS 
function disabled) 

1 : RTS function selected 


UARTO BRG register (address 3116) 
UART1 BRG register (address 3916) 


Set a value between 0016 and FF 16. 





Corresponding to CLKo pin 
Corresponding to RxDo pin 


Corresponding to CLK1 pin 
Corresponding to RxDi1 pin 


UARTO receive interrupt control register (address 7216) 
UART1 receive interrupt control register (address 7416) 


b7 


bO 


Interrupt priority level selection bits 
Set to level 1 to 7 when using 
interrupts. 


UARTO transmit/receive control register 1 (address 3516) 
UART1 transmit/receive control register 1 (address 3D16) 





Receive enable bit 
0 : Receive disable 
1: Receive enable 


Receiving operations start. 


Receiving operations start when the following conditions are satisfied : 
@Reception is enabled (the receive enable bit is “1”). 


@Detect the start bit. 


Fig. 2.9.23 Setting example of UART related registers at receiving 
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[Receive operation] (when using an external clock) 
The reception of serial data starts when the following conditions are satisfied : 


@ Reception is enabled (the receive enable bit is “1”). 
@ Detect the start bit. 


Serial data receive is enabled by setting the receive enable bit to “1”. When the receive enable bit 
is set to “1”, the RTSi pin becomes “L” level to indicate externally that the microcomputer is ready 
to receive serial data (in case that RTS function is selected). The transmit and receive timing can 
be synchronized by connecting the RTSi output pin to the CTSi pin on the transmit side. Figure 2.9.24 
shows the connecting example of UART. 

When the RxDi pin detects a start bit, a receive clock is generated and data receive starts. At the 
same time, the RTSi pin returns to “H” level if RTS function is selected. The RxDi pin level is used 
to establish the most significant bit of the UARTi receive register at the rising edge of the receive 
clock and the content of UARTi receive register is shifted by 1 bit to the right. This operation is 
repeated to receive the entire data from ST to SP. Then the content of UARTi receive register is 
transferred to the UARTi receive buffer register. At the same time, the receive completion flag is set 
to “1”. When the receive completion flag is set to “1” by detecting SP, the UARTi receive interrupt 
request occurs and the interrupt request bit is set to “1”. Interrupts must be enabled before they can 
be used. Refer to section “2.6 Interrupts” for more information. The receive completion flag is cleared 
to “0” when the UARTi receive buffer register is read. a 
Figure 2.9.25 shows the timing diagram of 8-bit UART at receive (no parity, with 1 stop bit and RTS 
function). 

When receiving data continuously, an overrun error occurs and the bit 4 (overrun error flag) in the 
UARTIi transmit/receive control register 1 is set to “1” if the next receive data becomes available in 
the UARTi receive register while the receive completion flag is “1” (before reading the content of the 
UARTi receive buffer register). In this case, the next data is written in the UARTi receive buffer 
register. Therefore, if an overrun occurs, the transmit and receive programs must make arrangements 
to re-transmit the data. The interrupt request bit is not set to “1” when an overrun error occurs. 


Transmit side Receive side 





Fig. 2.9.24 Connecting example of UART 
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__ Selected 
internal clock 


or 
external clock 


Receive “1” 
enable bit “0” 
Stop bit 


RxDi 


Receive clock 


Buédive: ix Start at the rising edge of start bit. 
completion 
flag 
as 5 | 
RTSi «> 





Fig. 2.9.25 8-bit UART timing diagram at receiving (no parity and 1 stop bit) 


[Error flag] 
During UART mode operation, transfer data errors can be detected using four error flags. These errors 
are detected when transferring data from the UARTi receive register to the UARTi receive buffer 
register. The error flags are cleared to “0” when the low-order byte of the UARTi receive buffer register 
is read or when the receive enable bit is set to “O”. 


@Overrun error 
An overrun error occurs and the overrun error flag is set to “1” when the next receive data becomes 
available in the UARTi receive register and transferred to the UARTi receive buffer register while the 
receive completion flag is “1” (data exists in UARTi receive buffer register), or the next receive data 
becomes available before the content of the UARTi receive buffer register is read. — 


@Framing error 
A framing error occurs and the framing error flag is set to “1” when there is insufficient number of stop 
bits. 


@Parity error 
A parity error occurs and the parity error flag is set to “1” when parity checking is enabled and the 
number of 1s in the data including the parity bit conflicts with the parity specified by the odd/even 
parity selection bit. 


@Sum error 


The error sum flag is set to “1” when either an overrun error, a framing error, or a parity error occurs. 
The existence of errors can be determined by checking the error sum flag. 
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2.9.5 Sleep mode 

Sleep mode is used for communication between certain microcomputers when multiple microcomputers are 
connected through serial I/O. 

Sleep mode is entered by setting the UARTi transmit/receive mode register bit 7 to “1”. In sleep mode, the 
content of UARTi receive register is not transferred to the UARTi receive buffer register when the most 
significant bit (MSB: bit 8 if 9-bit UART mode, bit 7 if 8-bit UART mode, and bit 6 if 7-bit UART mode) of 
the received data is “0”. In this case, the receive completion flag and the error flags remain unchanged and 
no receive. interrupt request occurs. Normal receive operation is performed only when the most significant 
bit of the received data is “1”. 

The following is a description of sleep mode usage in 8-bit UART mode. The main microcomputer first 
transmits a data with bit 7 set to “1” and the remaining bits 0 to 6 forming the address of the destination 
microcomputer. Then all subordinate microcomputers receive the same data. Each subordinate microcom- 
puter checks the received data and sets the sleep function selection bit to “O” if the address matches its 
own address and to “1” if otherwise. Next the main microcomputer starts transmitting data with bit 7 set 
to “0”. Then only the microcomputer with the sleep function selection bit set to “O” will receive this data. 
This enables communication between the main microcomputer and a specific subordinate microcomputer. 
Figure 2.9.26 shows the sleep mode. 


Main 
microcomputer 


Sub 
microcomputer microcomputer microcomputer microcomputer 
A B C D 





Fig. 2.9.26 Sleep mode 
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2.10 A-D converter 

The M37702 has a built-in 8-bit A-D converter that performs successive approximation to convert ieenaieg 
values input from pins ANo — AN7 to digital values. 

The A-D converter provides four selectable conversion modes. 


2.10.1 A-D converter overview 
Table 2.10.1 shows a performance overview of the A-D converter. 


Table 2.10.1 A-D converter performance overview 


Parameter Description 
Analog input pin 8 pins (ANo to ANz7) 
One-shot mode 
Repeat mode 
Single sweep mode 
Repeat sweep mode 
A-D conversion method | Successive approximation 
Resolution 8 bits 
Absolute accuracy +3LSB 
57d¢anv cycles gao : A-D converter operating clock 
(for 1 analog input pin) 


A-D conversion mode 


Conversion speed 


The A-D converter provides the following four conversion modes. 


@One-shot mode... . The input voltage to the selected analog input pin is converted. After conver- 
sion, the result is stored in the corresponding A-D register and an A-D con- 
version interrupt request occurs. 


@Repeat mode... The input voltage to the selected analog input pin is repeatedly converted. The 
results are stored in the corresponding A-D register, but no A-D conversion 
interrupt request occurs. 


@Single sweep mode.......... The analog input pins to be converted can be selected with the A-D sweep pin 
selection register. The selected pins are converted in the order ANo, ANi,... and 
an A-D conversion interrupt request occurs when the last pin is converted. 
The result is stored in the corresponding A-D register when each pin is converted. 


@Repeat sweep mode ........ This is similar to single sweep mode except that conversion is repeated in 
order from the ANo pin without an interrupt request after converting the last 
pin. 
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2.10.2 Block description 


Figure 2.10.1 shows the block diagram of the A-D converter. The A-D converter related registers are 


described below. 


“ 


Resistance 
ladder 


Successive approximation 
| register A-D control register 


A-D register 0 (address 2016) address 1E16 
A-D register 1 (address 2216) 


A-D register 2 (address 2416 


b 
4 pote es 
A-D register 3 (address 2616) a 
a 
g 
g 


# 
| A-D register 4 (address 2816) | register 4 (address 2816) he Decoder 
BE 
Ae 


A-D register 5 (address 2A16) 


A-D register 6 (address 2C 16) 
A-D register 7 (address 2E 16) 


wv 


-Data bus (even 


Comparator 


ANo O 
AN1 © 
AN2 © 
AN3 O 
ANa © 
ANs O 
ANeé O 
AN7/ADTRG O 


Selector 


Fig. 2.10.1 A-D converter block diagram 
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(1) A-D control register 
The A-D control register (1E16) consists of bits that control the A-D converter. Figure 2.10.2 shows the 
structure of the A-D control register followed by description of each bit. 


be bi b0 


b4 


Analog input pin selection bits 


000 
001 
010 
011 
100 
101 


: ANo pin 
: AN1 pin 
: AN2 pin 
> ANS pin 
> AN4 pin 
> ANS pin 


selected 
selected 
selected 
selected 
selected 
selected 


110 
111 


selected 
selected (Note) 


> AN6 pin 
: AN7 pin 


A-D 
00: 


mode selection bits 

One-shot mode 

01 : Repeat mode 

10 : Single sweep mode 

11 : Repeat sweep mode 


Trigger selection bit 
0 : Software trigger (internal trigger) 
1 : ADtra input trigger (external trigger) 


A-D conversion start flag 
0 : Stop A-D conversion 
1 : Start A-D conversion 


A-D conversion frequency (@AD) selection flag 
0 : Clock oscillating frequency divided by 8 (f8) 
1 : Clock oscillating frequency divided by 4 (f4) 


Note: ANo pin(port P77) functions as ADrtra input pin when an external trigger is selected. 
Bits 0 to 2 are undefined at reset. 
Bits 3 to 7 are cleared to “OQ” at reset. 





Fig. 2.10.2 A-D control register structure 
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®Analog input selection bits (bits 0 to 2) Table 2.10.2 Relationship between analog input pin se- 
The analog input selection bits are used to select lection bits and analog input pins 
the analog input pin in one-shot mode and repeat b2 | bi | bo | Analog input pin 


mode. The selected analog input pin remains 
unchanged when the mode is switched between 
one-shot mode and repeat mode. These bits 
are ignored in single sweep mode and repeat 
sweep mode. If an external trigger is selected 
with the trigger selection bit (described later), 
port P77 functions as ADrtre pin and cannot be 
used as AN? pin. 

Table 2.10.2 shows the relationship between 
the analog input selection bits and analog input 
pins. 


| O | O | ANo pin selected 
| 0 | 1 | AN: pin selected 
| 1 | O | ANz2 pin selected 
ANs pin selected 
| O | O | ANa pin selected 
| O | 1 | ANs pin selected 
| 1 | 0 | ANe pin selected 
AN7 pin selected 





@A-D mode selection bits (bits 3, 4) 
The A-D mode selection bits are used to select one of the four available conversion modes. Table 
2.10.3 shows the relationship between the A-D mode selection bits and the conversion modes. 


Table 2.10.3 Relationship between A-D mode selec- 
tion bits and conversion modes 


b4 A-D conversion mode 


0 | O | One-shot mode 
0 Repeat mode 
1 
1 





Single sweep mode 


| 
Repeat sweep mode 


OTrigger selection bit (bit 5) 
The trigger selection bit is used to select the trigger occurrence factor which start an A-D conversion 
operation. An internal trigger or an external trigger is available for the trigger. An internal trigger 
(software trigger) is selected when this bit is “O” and an external trigger (input signal to ADtre pin) is 
selected when this bit is “1”. 





<Internal trigger> 
A trigger is generated and A-D conversion starts when the A-D conversion start flag (described later) 
is set to “1”. 


<External trigger> 

A trigger is generated when the level of the signal input to the ADtre pin changes from “H” to “L” (failing 
edge) while the A-D conversion start flag is “1”. When an external trigger is selected, a retrigger is 
available during A-D conversion. In this case, the conversion is repeated from the beginning. The 
ADrtre pin is shared with the AN? (port P77) pin. Therefore, the AN7 pin cannot be used as analog input 
pin when an external trigger is selected. 

When an external trigger is selected in each A-D conversion mode, the port P7 direction register bit 
7 must be set to “O” ( input mode). 
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@A-D conversion start flag (bit 6) 
The A-D conversion start flag is used to start or stop A-D conversion. 


<Internal trigger> 
An internal trigger is generated and A-D conversion starts when the A-D conversion start flag is set 
to “1”. A-D conversion stops when it is cleared to “0”. This bit is automatically cleared after A-D 
conversion in one-shot mode and single sweep mode. It is not cleared in other modes and conversion 
continues until it is cleared to “0”. 


<External trigger> 
The A-D conversion start flag must be set to “1” before the falling edge is input to the ADrre pin. If 
external trigger is selected, this flag is not cleared to “0” after conversion. 


@A-D conversion frequency selection flag (bit 7) 
This flag is used to select the A-D converter operating frequency (dav). When this flag is “0”, the clock 
frequency f(Xin) divided by 8 is selected. When this flag is “1”, the clock frequency f(Xin) divided by 4 
is selected. 
In one-shot mode and repeat mode, A-D conversion completes after 57 x gap cycles from the beginning 
of A-D conversion. In single sweep and repeat sweep mode, A-D conversion completes after 57 x 
number of selected pins x gap cycles from the beginning of A-D conversion. 
The A-D converter operating clock gan during A-D conversion must be no less than 250kHz because 
the comparator in the A-D conversion circuit consists of capacity coupling amplifiers. 
Table 2.10.4 shows the relationship between the A-D conversion frequency selection flag and the A- 
D converter operating clock and conversion time. 


Table 2.10.4 Relationship between A-D conversion frequency 
selection flag and the A-D converter operating 
clock and conversion time 


A-D frequency selection flag me aa aq” 


A-D converter operating clock pao= ae) gad= Aan 


Conversion time | _f(Xin)=8MHz 28.5 us 
(Note) | f(Xin)=16MHz 14.25 us 
f(Xin)=25MHz 18.24 us 9.12 us 


Note. Conversion time per one analog input pin 
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(2) A-D register i (i=0 to 7) 

The A-D registers (address 20i6 to 2E1s) are 8-bit read only registers. The conversion results (content 
of successive approximation register) are stored in these registers. Each A-D register corresponds to 
an analog input pin. The content of the A-D register can be read during A-D conversion. However, if 
the A-D register corresponding to the analog input being converted is read, the previous conversion 
result is obtained. 

Table 2.10.5 shows the relationship between the analog input pin and A-D register and Figure 2.10.3 
shows the structure of A-D register. 


Table 2.10.5 Relationship between analog input pin and A-D register 


Analog input pin Register containing the result Address 


ANo pin A-D register 0 2016 
AN: pin A-D register 1 2216 




















ANe pin A-D register 2 2416 
ANs pin A-D register 3 2616 
ANa pin A-D register 4 2816 
ANs pin A-D register 5 2A16 
ANe pin A-D register 6 2Ci16 
AN7 pin A-D register 7 2E16 


b6 b5 b4 b3 b2 Ob! 


Note: This register is undefined at reset. 





Fig. 2.10.3 A-D register i structure 


(3) Comparator and successive approximation register 

The compare reference voltage Vret and analog input voltage Vin are compared for bits 7 to 0 of successive 
approximation register and the result is set in each bit. Comparison starts from bit 7 and the contents 
of this register (conversion result) is transferred to A-D register after comparing bit 0. The content of 
the successive approximation register changes according to the comparison result of each bit. Therefore, 
the compare reference voltage Vret also changes according to the content of the successive ap- 
proximation register. The analog input voltage Vin is selected by the decoder (refer to section “2.10.3 
Successive approximation conversion”). 
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(4) A-D conversion interrupt control register 
The A-D conversion interrupt control register (address 7016) consists of interrupt priority selection bits 
and interrupt request bit. Figure 2.10.4 shows the structure of the A-D conversion interrupt control 
register. Refer to section “2.6 Interrupts” for more information concerning interrupts. 


b4 b3 b2_ bi 


a 
e See ea 








b0 
A-D conversion interrupt control register (address 7016) 


Interrupt priority selection bits 
000 : Level O (disable interrupt) 
001 : Level 1 Low 

010 : Level 2 

011 : Level 3 

100 : Level 4 Priority 
101 : Level 5 

110 : Level 6 

111: Level 7 High 


Interrupt request bit 
0 : No interrupt request 
1: Interrupt request 


Note: Bits 4 to 7 are undefined at reading. 
Bits 0 to 3 are cleared to “O” at reset. 


Fig. 2.10.4 A-D conversion interrupt control register structure 
@interrupt priority selection bits (bits 0 to 2) “ 

These bits are used to select the interrupt priority level. They should be set to a level between 1and 

7 when using an A-D conversion interrupt. When there is an interrupt request, this level is compared 

with the processor interrupt priority level (IPL) in the processor status register (PS) and an interrupt 

is allowed only when this level is greater than IPL (interrupt disable flag | must be “O”). Set these bits 

to “000” to disable only A-D conversion interrupt. 


@linterrupt request bit (bit 3) 


This bit is set to “1” when an A-D conversion interrupt request occurs. The interrupt request bit set to 
“1” is cleared to “O” when the interrupt request is accepted. This bit can be set or cleared by program. 
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(5) Port P7 direction register 
The analog input pin is shared with port P7. When using these ports as analog input pins or using port 
P77 as external trigger input pin, the corresponding bit in the port P7 direction register must be set 
to “0” (input mode). 
Figure 2.10.5 shows the relationship between the port P7 direction register (1116) and analog input 
pins. 
















b6 b b2 bt 


b7 5 b4_ b3 bO 


ANo pin 
AN1 pin 
AN2 pin 
ANS pin 
AN4 pin 
AN5 pin 
AN6 pin 
AN7 pin / ADTRG pin 











Note: This register is cleared to “0016” at reset. 


Fig. 2.10.5 Relationship between port P7 direction register and analog input pin 
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2.10.3 Successive approximation conversion 

A-D conversion starts when an internal or external trigger is generated. 

A-D conversion is performed by successive approximation. When A-D conversion starts, the following 
operations are performed to convert analog values to digital values. 


@Initialization of successive approximation register 
The successive approximation register is cleared to “0016”. 


@Setting the most significant bit (bit 7) 
The successive approximation register bit 7 is set to “1”. Then the reference voltage Vret is compared 
with the input voltage Vin and bit 7 changes as follows: 


Unchanged if Vret < Vin 
Cleared to “O” if Vrer > Vin 


The reference voltage input to Vrer pin must be set between AVss and AVcc. 
The compare reference voltage Vret depends on the value in the successive approximation register. Table 
2.10.6 shows the relationship between Vrer and the value in the successive approximation register. 


Table 2.10.6 Relationship between successive approximation register and Veer 


Content of successive approximation register | 0 | 1 to 255 
. VrerF/256 & (n—-0.5) 
Comparison reference voltage Viet (V) n: The content of the successive approximation 
register 


Step @ above is repeated for all bits from bit 7 to bit 0 and the value in the successive approximation 
register (digital equivalent of the analog input voltage) is stored in the A-D register when comparison of 
bit 0 completes. 

Table 2.10.7 shows the change in the successive approximation register and compare voltage during A-D 
conversion. 
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Table 2.10.7 Change in successive approximation register and compare voltage during A-D con- 
version 


|| Successive approximation register | Compare voltage Viet 
b7 bo 
Conversion start POs CuO 10: |04) 0.) 0:).0. 
First comparison f1{ofo[ofof{o]o]o| 


Second comparison | [m™]1]0}0/0}o]} a] 0| 


Rist comparison result 


Third comparison pn7{ns} 1} o}o}o{o}o 


2nd comparison result 


conn comparison | Lope m[o [mm [a]t 


V 


Comerioncomsletes | [o[m[m]m[o]e [mpm 
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2.10.4 A-D conversion mode 

Four different A-D conversion modes can be selected with the A-D mode selection bits. In each mode, the 
trigger selection bit is used to determine whether to use a software trigger (internal trigger) or an external 
input signal (external trigger). 

Error is magnified if the input voltage to the analog input pin changes during A-D conversion. Make sure 
the input voltage to the analog input pin does not change during the A-D conversion interval which is gap 
x 57 cycles (gap is f(Xin)/8 or f(Xin)/4) per pin. 

Each conversion mode is described below for case selecting an internal trigger and an external trigger. 


(1) One-shot mode [A-D control register bits 4, 3=“00”] 
In one-shot mode, the input voltage to the one analog input pin selected with the analog input 
selection bits is converted and an A-D interrupt request occurs when conversion completes. The 
analog input pin must be selected before generating the trigger. Pins not selected as analog input pin 
can be used as normal |/O ports. 


®When an internal trigger is selected to start A-D conversion 
When the A-D conversion start flag is set to “1”, an internal trigger is generated and A-D conversion 
starts. After 57 cycles of gao, A-D conversion completes, the content of the successive approximation 
register (converted result) is transferred to the A-D register. At the same time, the A-D interrupt request 
occurs and the A-D interrupt request bit is set to “1”. Then the A-D conversion start flag is cleared to 
“0” and A-D converter operation stops. — 


@When an external trigger is selected to start A-D conversion 
A-D conversion starts when the input level of the ADtra pin changes from “H” to “L” (falling edge) while 
the A-D conversion start flag is set to “1” . When A-D conversion completes after 57 cycles of gap, the 
content of the successive approximation register (converted result) is transferred to the A-D register. 
At the same time, the A-D interrupt request occurs and the A-D interrupt request bit is set to “1”. At 
this point, the A-D conversion start flag remains “1”. Therefore A-D conversion can be repeated by 
generating another trigger. A trigger can also be generated during A-D conversion. 
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(2) Repeat mode [A-D control register bits 4, 3=“01”"] 
In repeat mode, the input voltage to the one analog input pin selected with the analog input selection 
bits is repeatedly converted. No interrupt request occur and the A-D conversion start flag is not 
cleared to “0” automatically. The conversion of the selected pin is repeated while the A-D conversion 
Start flag is “1”. 
The analog input pin must be selected before generating the trigger. Pins not selected as analog input 
pin can be used as normal |/O ports. 


@When an internal trigger is selected to start A-D conversion 
When the A-D conversion start flag is set to “1”, an internal trigger is generated and A-D conversion 
Starts. Each time an A-D conversion completes, the content of the successive approximation register 
(converted result) is transferred to the A-D register. The A-D converter does not stop at this point and 
conversion is repeated. 


@When an external trigger is selected to start A-D conversion 
A-D conversion starts when the input level of the ADtra pin changes from “H” to “L” (falling edge) while 
the A-D conversion start flag is set to “1”. Each time an A-D conversion completes, the content of the 
successive approximation register (conversion result) is transferred to the A-D register. The A-D con- 
verter does not stop at this point and conversion is repeated. 
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(3) Single sweep mode [A-D control register bits 4, 3=“10”] 

In single sweep mode, multiple analog input pins can be converted. The analog input pins are selected 
by bits 0 and 1 of the A-D sweep pin selection register (address 1Fie) shown in Figure 2.10.6. The 
number of analog input pins can be selected among either 2, 4, 6, or 8 pins. The analog input pins 
must be selected before generating the trigger. 

A-D conversion is performed only for the input voltage of the selected input pins. An A-D interrupt 
request occurs and the A-D interrupt request bit is set to “1” when all selected pins are converted. 
The analog input selection bits in the A-D control register are ignored in this mode. 


BS oom Se SS Ree Sepals Pp ee eRe eS Mere Prete ere SP ses: 
Eee Sr eee Saas 


s 
Sa 


. ae oo Se es A-D sweep pin selection register (address 1F16) 
See Se een a 


A-D sweep pin selection bits 
00 : ANo, AN1 (2 pins) 

01 : ANo to AN3 (4 pins) 

10 : ANo to AN5 (6 pins) 
11: ANo to AN7 (8 pins) 


Note: Bits 0 and 1 are set to “1” at reset and ANo to AN7 pins are selected for analog input pins. 
Bits 2 to 7 are undefined at reading. 





Fig. 2.10.6 A-D sweep pin selection register structure 


@®When an internal trigger is selected to start A-D conversion 
When the A-D conversion start flag is set to “1”, an internal trigger is generated and A-D conversion 
of the ANo pin starts. After the ANo pin is converted, the selected analog input pins are converted in 
sequence. The converted result is transferred from the successive approximation register to the cor- 
responding A-D register each time a pin is converted. When all of the selected pins are converted, an 
A-D interrupt request is generated and the interrupt request bit is set to “1”. At this point, the A-D 
conversion start flag is cleared and the A-D converter stops. 


@When an external trigger is selected to start A-D Conversion 

The selected pins are converted in order starting from the ANo pin similar to selecting an internal trigger 
when the input level of the ADtre pin changes from “H” to “L” (falling edge) while the A-D conversion 
Start flag is set to “1” . The converted result is transferred from the successive approximation register 
to the corresponding A-D register each time a pin is converted. When all of the selected pins are 
converted, an A-D interrupt request occurs and the interrupt request bit is set to “1”. At this point, the - 
A-D conversion start flag maintains “1”. Therefore, A-D conversion can be repeated from the ANo pin 
by generating another trigger. A trigger can also be generated during A-D conversion. 
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(4) Repeat sweep mode [A-D control register bits 4, 3=“11”] 


In repeat sweep mode, the A-D sweep pin selection register can be used to select multiple analog 
input pins to be converted as with single sweep mode. Conversion is performed in order from the ANo 
pin. After converting all selected pins, A-D converter does not stop, but repeats conversion from the 
ANo pin. No A-D interrupt request occur when all selected pins are converted. 

The analog input selection bits in the A-D control register are ignored in this mode. 


@When an internal trigger is selected to start A-D conversion 


When the A-D conversion start flag is set to “1”, an internal trigger is generated and A-D conversion 
Starts from the ANo pin. After the ANo pin is converted, the selected analog input pins are converted 
in sequence. The converted result is transferred from the successive approximation register to the 
corresponding A-D register each time a pin is converted. 

When all of the selected pins are converted, conversion is repeated from the ANo pin. Conversion is 
repeated until the A-D conversion start flag is cleared to “0”. 


@When an external trigger is selected to start A-D conversion 


The selected pins are converted in order starting from the ANo pin similar to selecting an internal trigger 
when the input level of the ADtre pin changes from “H” to “L” (falling edge) while the A-D conversion 
Start flag is set to “1” . The converted result is transferred from the successive approximation register 
to the corresponding A-D register each time a pin is converted. Conversion is repeated until the A-D 
conversion start flag is cleared to “0”. 





[Precautions when using an A-D converter] 


1. 


Analog input pins must be selected (with analog input selection bits of A-D control register and A-D sweep 
pin selection register) before internal or external trigger is generated. 


. The port P7 direction register bit corresponding to the pin selected as analog input pin and external trigger 
input pin (port P77) must be set to “O” (input mode). 





. When an external trigger is selected, port P77 functions as ADtrc pin. If at the same time, AN7 pin is selected 
as the analog input, the external trigger input signal is converted and the converted result is transferred 
to A-D register 7. 
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2.11 Watchdog timer 

The watchdog timer is a 12-bit timer that is used to detect unexpected execution sequence caused by 
software run-away. It is also used to stabilize the oscillator when returning from the STP instruction. Figure 
2.11.1 shows the block diagram of the watchdog timer. 


Frequency selection (forced to fsz during STP instruction execution) 


fs2 —-—-O 
() 


fs12 ——O_ 


Watchdog timer 


Hold (Address 6016) 


Write to watchdog timer 


RESET © 


circuit 


STP | i 


instruction SQ 


R 





Fig. 2.11.1 Watchdog timer block diagram 
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2.11.1 Operation description 

The watchdog timer (address 6016) consists of 12 bits and its content is decremented by 1 each time the 
clock selected with the watchdog timer frequency selection flag (bit 0 at address 6116) is input to the watchdog 
timer. 

The watchdog timer frequency selection flag is set to 0 at reset, and fsi2 (Source oscillating frequency f(Xin) 
divided by 512) is selected as the watchdog timer count source after reset. Thereafter, it can also be set 
to fse (source oscillating frequency f(xin) divided by 32) by changing the watchdog timer frequency selection 
flag by program. Figure 2.11.2 shows the structure of the watchdog timer frequency selection flag. 
When there is a reset, “FFFic” is set in the watchdog timer. Then the count source fs12 is counted after 
reset. The content of the watchdog timer is decremented by 1 each time a clock is input. An interrupt 
request occurs when the most significant bit of the watchdog timer becomes “0” after 2048 counts. The 
watchdog timer interrupt is a non-maskable interrupt with the highest priority. Processor interrupt priority 
level (IPL) is set to level 7 when accepting the interrupt. 

An arbitrary value cannot be set in the watchdog timer. A value “FFFie” is automatically set in the watchdog 
timer when there is a reset, when the STP instruction is executed, or when a writing operation is performed 
in the watchdog timer. The watchdog timer is a write-only register and its content is undefined at reading. 
The watchdog timer is in Hold state and the clock input of the watchdog timer is disabled while “L” level 
is applied to the HOLD pin (in Hold state). 

When using the watchdog timer to detect program run-away, the program must write to the watchdog timer 
before its most significant bit becomes “O”. Then if this code is not executed due to program run-away, the 
most significant bit of the watchdog timer becomes “0” and an interrupt is generated. Thereafter, the control 
should be passed to the interrupt service routine. 

To restart from reset after detecting a program run-away, bit 3 of the processor mode register (software 
reset bit) must be set to “1” in the watchdog timer interrupt service routine. In this way, a run-away program 
can be automatically reset and returned to normal routine. 

In addition to detecting program run-away, the watchdog timer is also used as a return timer from a stop 
mode (halting of oscillating circuit with the STP instruction). When the STP instruction is executed, the 
watchdog timer count source is forced to fse and “FFFise” is set in the watchdog timer. Tnen when the 
watchdog timer is started with an external interrupt and a watchdog timer interrupt request occurs, a supply 
of internal clock @ starts. This is because some time is required for the oscillator to stabilize. See section 
“4.2 Clock generator” for more detail concerning the stop mode. 

In order to stop the watchdog timer (disable its function), twice of the Vcc voltage must be applied to the 
RESET pin. During this time, the watchdog timer stops with “FFFie” set. 








Watchdog timer frequency selection flag 
0 : fs12 selected 
1 : fs2 selected 


Note: Bits 1 to 7 are undefined at reading. 
Bit 0 is cleared to “O” at reset. 





Fig. 2.11.2 Watchdog timer frequency selection flag structure 
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2.12 Hold function 

The microcomputer is in Hold state while “L” level is input to the HOLD pin (P40) in memory expansion mode 
and microprocessor mode. Table 2.12.1 shows the status of the microcomputer during Hold. Input mode 
must be selected by setting the port P4 direction register bit 0 to “O”. 

The HOLD input (“L” level input) to the HOLD pin is accepted at the falling edge of the internal clock ¢ from 
“H” to “L” while the bus is unused. 

When the HOLD input is accepted, @ cpu (CPU operating clock: f(Xin)/2) stops at “L” level, and E output stops 
at “H” level at the completion of the executing bus cycle. In addition, “L” level is output from the HLDA pin 
(P33) to indicate that the microcomputer is in Hold state. Ports PO to P2, P30, and P3: are floated during 
Hold. These ports are floated after one cycle of the internal clock @ later than the HLDA pin changes from 
“H” level to “L” level. 

Only @cpu is stopped during Hold. The oscillator is operating and other internal peripherals can be operating. 
However, the watchdog timer is stopped. 

Hold state can be removed by returning the HOLD pin to “H” level. In this case, HOLD input (“H” level input) 
is also accepted at the falling edge of the internal clock @ from “H” to “L” while the bus is unused. At:the 
removing of Hold state, these ports are removed from Hold state after one cycle of the internal clock @ later 
than the HLDA pin changes from “L” level to “H” level. 

Figure 2.12.1 shows the timing example when the Hold. 








Table 2.12.1 Microcomputer status during Hold (in memory expansion and microprocessor mode) 


Parameter Status during Hold 
Oscillation Operating 
Internal clock @¢ Operating 
Clock In memory expansion mode:::::: Output when the processor mode register bit 7 is “1” 
In microprocessor mode:::::: Always output 
@ cPu Stopped at “L” level 
E output Stopped at “H” level 
Ports PO-—P2, Floating 
P30, P3: 
Port P32, 





HLDA pin (P3s) Stopped at “L” level 


Ports P4s—P4z, ; ihe ag a 
P5. PG, P7, Pg Retain the status at inputting “L” level to the HOLD pin 


Watchdog timer Stopped 
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(a) HOLD input is performed when the bus is unused 


Clock @1 


@ CPU 
(Note 1) 


HOLD 


Lt, ees 
Accept “H” level of HOLD input. 


HLDA 


The bus is opened. 
(6b) HOLD input is performed when the bus is used 


Clock $1 


(Note 4 


E 


HOLD 


HLDA 
The bus is opened. 
Note 1 : @CPU is an internal signal and cannot be observed externally. 


Note 2 : E output is “L” level at this point, however, HOLD input is accepted 
because the bus is unused internally. 





Fig. 2.12.1 Timing example when the Hold 
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2.13 Ready function 

In memory expansion mode and microprocessor mode, the microcomputer is in Ready state while “L” level 
is input to the RDY pin (P41). Table 2.13.1 shows the status of the microcomputer during Ready. Input mode 
must be selected by setting the port P4 direction register bit 1 to “O”. 

The Ready function is used for example when externally connecting slow memory. 

When the RDY pin becomes “L” level, the internal clock ¢ and @ cpu (CPU operating clock: f(Xin)/2) stop at 
“L” level. The bus and port retain the status when “L” level is input to the RDY pin. 

During Ready state, the internal clock ¢ and @ cpu are stopped, but the oscillator is operating so that other 
internal peripherals can be operating. | 

Ready state can be removed by returning the RDY pin to “H” level. 

Figure 2.13.1 shows the timing example when the Ready. 


Table 2.13.1 Microcomputer status during Ready state (in memory expansion and microprocessor mode) 


Parameter Status during Ready 
Oscillation Operating 
Internal clock @ Stopped at “L” level 
Clock @1 In memory expansion mode:::::: Output when the processor mode register bit 7 is “1” 
In microprocessor mode :-::-: Always output 
@ cPU Stopped at “L” level 
E output Stopped at either “H” level or “L” level 
Ports PO-P2, 
ee | Retain the status at inputting “L” level to the RDY pin 
P5—P8 
Watchdog timer Operating 


(a) When wait bit = “1” 


Clock $1 





Fig. 2.13.1 Timing example when the Ready 
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3.3 Software reset 














RESET 
3.1 Reset 





3.1 Reset 
The CPU becomes reset state when “L” level is applied to the RESET pin. Reset state is removed and program 
execution starts from address set in the reset vector table when “H” level is then applied to the RESET pin. 





3.1.1 Reset operation 

The CPU becomes reset state when “L” level is applied to the RESET pin in case the supply voltage is 5V+10%. 
When oscillation is stable, the “L” level must be applied for at least 2us. 

Apply “L” level to the RESET pin for sufficient interval (approximately 10ms) before returning to “H” level if 
sufficient time is required for the oscillator to stabilize such as reset during stop mode entered with the STP 
instruction. Reset state is removed if “H” level is applied to the RESET pin while in reset state. 

When reset state is removed, program execution starts from the address formed by using the content of 
address FFFFie at bank O as high-order and address FFFEt« as low-order. Figure 3.1.1 shows the internal 
processing sequence after removing reset state. 








(1) Single-chip mode and memory expansion mode 


DATA __X__X_aX SEX EX tess XC Ada X) 


Next operation 
IPL, Vector address code 


_,"H" 
R/W 


(2 ) Microprocessor mode 


AHAL 000016 FFFE16 ADn, ADL 


Not Not Next operati 
DATA CX eX XX Notused OX ADHADL Recenter 


IPL, Vector address 


E 


&) CPU: CPU clock AHAL : Low-order 16 bits of the CPU 


internal address 
Ap : High-order 8 bits of the CPU 


internal address DATA : CPU internal data bus 





Fig. 3.1.1 Internal processing sequence after removing reset state 
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3.1.2 Internal status at reset 
Figure 3.1.2 shows the contents of internal registers immediately at reset. 


Register contents 


1Fie ee at A-D sweep pin selection register 

3016 00 is UARTO transmit/receive mode register 
3416 Ee ee ee ee ee UARTO transmit/receive control register 0 
3516 -O};O0}0/0;0)/0)] 1 | UARTO transmit/receive control register 1 
3816 00 16 UART1 transmit/receive mode register 
3Ci6 eiepe opeicfaiq 110 7 0 | UART1 transmit/receive control register 0 
3Die /O;O0;0}/0/0;0]1] 0] UART1 transmit/receive control register 1 


AOt6 00 is Count start flag 


gel eee or cd 


A416 00 16 Up-down flag 


Address 
Port P3 direction register 
9 T1828 [0 J Pon Pe cirecton reise 
) 9 me) 2 
6 [0 TOTO TOTO? [2] 2 JA0 conto rocstr 


O 
=) 
rc) 


” 
pa 3 
oO 
~-- 
” 
- 
seb) 
— 
=< 
ped) 
© 


Fig. 3.1.2 Internal status at reset (1) 
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3.1 Reset 
Register contents 
Address 
5616 00 16 Timer AO mode register 
5716 00 16 Timer A1 mode register 
0816 00 16 Timer A2 mode register 
5916 00 16 Timer A383 mode register 
5Ai6 00 16 Timer A4 mode register 


SBie -O};O}t]- |O}O0}0]0— Timer BO mode register 
}O;O;t] | O};O0}0]0— Timer B1 mode register 
}O;O};1}-.}0;0;0] 0] Timer B2 mode register 


001s Processor mode register 


oO O1 ol 
m oO O 
ne ae 


6016 FFF 16 Watchdog timer (Note 1) 


ete fo - i o7F ee. | | [2] 0 | watchdog timer frequency selection flag 
po beste. $1 0 | 0 | O | O | A-D conversion interrupt control register 
iw fi ft <b: |. >| 0 | 0 | O | O | UaRTo transmit interrupt control register 
7a ft ie f2..= | 0 | 0 | O | O | UARTo receive interrupt contro! register 
pel belt | O | 0 | O | O | UaRts transmit interrupt contro! register 
Tah. $b ee P) fi | 0 | O | O | O | UARTI receive interrupt control register 
porto. fo fle] @ | O | O | O | timer Ao interrupt control register 
7e0f 2 tecshe sf <7} 0 | © | O | O | timer At interrupt control register 
7716 
aie} -4-:-} °: }--.| O | O | O | O | Timer as interrupt contro! register 
7a} °-f -fal:} | 0 | 0 | O | O | timer Ad interrupt control register 


7A16 
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Fig. 3.1.2 Internal status at reset (2) 
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RESET 





3.1 Reset 
Register contents 
Address 
7Di16 Jee fie2/ 0/010 ]0/0]0 | INTO interrupt control register 
7Et6 rev fohey 0 [0 10] 0] 0] INT1 interrupt control register 
7Fi6 eee} O | O | oO | oO | O | INT2 interrupt control register 
Register contents 
0016 Program bank register PG 


Contents of address FFFF16 Program counter (high-order) PCu 


Contents of address FFFE16 Program counter (low-order) PC. 


0016 Data bank register DT 


‘ 


0016 Direct page register (high-order) DPRu 


0016 Direct page register (low-order) DPR 


bi0 b9 b8 b/7 b6 bd b4 b3 b2 bi bO0 


Processor status register PS 
(High-order 4 bits are 0 at reading) 





Undefined at reset 
Not allocated and undefined at reset 
( 


Note:Port P3 direction register bits 4 to 7 are “0” 
at reading.) 


Note 1.Watchdog timer is set to FFFie at reset. 
Note 2.The contents of registers and RAM other than those described in Figure 3.1.2 are undefined 
at reset. 


Fig. 3.1.2 Internal status at reset (3) 
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RESET 
3.1 Reset 


3.1.3 Bus state during reset in microprocessor mode 
Table 3.1.1 shows the state of the address bus, data bus, and control bus during reset (“L” level is applied to RESET 
pin) for Mask ROM version and PROM version models in microprocessor mode, and for external ROM version models. 


Table 3.1.1 Bus state during reset for Mask ROM version and PROM version in microprocessor mode and for external ROM version 





Model Address bus, data bus, control bus state 
Mask ROM version Address output (“H” or “L” level) 
External ROM version “H” level output 
“H” or “L” level output (depends on address output) 
“L” level output 
Clock ¢1 output 
PROM version Ports PO, P1, P2 When “H” level is applied to either or both pins P51 
and P52; 
@Ports PO, P1, P2........... floating 
When “L” level is applied to pins P51 and P52; 
@POnS PO; (Plisrccncnew. floating 
OPO Pe cciieaueen: data output 
“H” level output 
“H” level or “L” level output 
“L” level output 


Port P42 (¢1) Clock @1 output 
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RESET 


3.2 Reset circuit 





3.2 Reset circuit 

The reset circuit must be designed so that the reset input voltage drops below 0.9V when the source voltage 
reaches 4.5V as shown in Figure 3.2.1. 

Figure 3.2.2 shows the example of power-on reset circuit using a system reset IC M51957AL. 


Power-on 


4.5V 





Fig. 3.2.1 Power-on reset condition 


** In case of Cs=0.033uF, the dalay time td is about 11ms. 
te=0.34Cag [us], Ca: [ pF ] 


GND 





Fig. 3.2.2 Power-on reset circuit example 
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RESET 


3.3 Software reset 





3.3 Software reset 

The M37702 group can be reset internally by program. Software reset is generated by writing “1” to the 
processor mode register bit 3. Figure 3.3.1 shows the structure of the processor mode register. 
Software reset is the same as hardware reset (when the RESET pin level is returned to “H” after applying 
“L” level) except that the contents of the internal RAM are preserved. Therefore, the contents of each 
register after software reset is initialized to values shown in Figure 3.1.2. 





b4 b3 b2 _ bt 


pee Joe » Fel Processor mode register (address 5E16) 


Processor mode bits 
00 : Single-chip mode 
01 : Memory expansion mode 
10 : Microprocessor mode 
11 : This can not available. 


Wait bit 
0 : Wait during external access 
1 : No wait 


Software reset bit 
1 : Software reset activated by writing “1” 


Interrupt priority detection time selection bits 
00 : 7 cycles at internal clock @ 

01 : 4 cycles at internal clock @ 

10 : 2 cycles at internal clock @ 

11: This can not available. 


Fix this bit to “O”. 


Clock $1 output selection bit 
O : 1 output disabled 
(Port P42 functions as normal I/O port.) 
1 : gi Output enabled 
(Port P42 functions as only @¢1 output pin.) 


Note: Bit 3 is a write-only bit. 
This register is cleared to “0016” at reset. 





Fig. 3.3.1 Processor mode register structure 
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4.1 Oscillating circuit 
4.2 Clock generator 














OSCILLATING CIRCUIT 


4.1 Oscillating circuit 





4.1 Oscillating circuit 

The M37702 group is equipped with an oscillating circuit to generate the necessary clock. The frequency 
input to the clock input pin Xin is divided in half to obtain the internal clock @. This @ is further divided in 
half to obtain the bus cycle. Either a ceramic resonator or a crystal resonator can be connected externally 
to the internal oscillating circuit. 


4.1.1 Circuit using a ceramic resonator or a crystal 


resonator 
Figure 4.1.1 shows the circuit example using a ce- M37702M2-XXXFP 
ramic resonator and Figure 4.1.2 shows the circuit 
example using a crystal resonator. An oscillating Xout 


circuit is formed by connecting the resonator be- 
tween Xin pin and Xout pin as shown in the figures. 
ircul nstan Rr, R n 
h n manuf rer’s recom- 
mended values. 


4.1.2 External clock input circuit 

An external clock signal can be supplied to the internal 
oscillating circuit. Figure 4.1.3 shows the circuit 
example of external clock input. Note that the ex- Fig. 4.1.1 Oscillating circuit using a ceramic resonator 
ternal clock must be input from Xin pin, and Xour pin 
must be left open. 





M37702M2-XXXFP 


Xout 





Fig. 4.1.2 Oscillating circuit using a crystal resonator 


M37702M2-XXXFP 


XIN XoutT 


External oscillating circuit 





Fig. 4.1.3 External clock input circuit 
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OSCILLATING CIRCUIT 


4.2 Clock generator 





4.2 Clock generator 

The oscillating circuit consists of oscillating gate which functions as an amplifier to obtain the necessary gain 
and oscillation control flip-flop to control this amplifier. Therefore, oscillation can be stopped and restarted 
as necessary. The clock generation circuit shown in Figure 4.2.1 is built in the M37702 group. 

When the STP instruction is executed, the internal clock @ stops oscillation at the “L” state. At the same time, 
FFFis is set in the watchdog timer and the input to the watchdog timer is connected to fsz. This connection 
is cancelled and connected to the input determined by the content of the watchdog timer frequency selection 
flag when the most significant bit of the watchdog timer becomes “0” or when there is a reset. Oscillation 
is resumed when an interrupt is accepted, but the internal clock ¢ remains at “L” level until the most sig- 
nificant bit of the watchdog timer becomes “OQ”. This is done to avoid the initial unstable interval when using 
a ceramic resonator. 

When the WIT instruction is executed, the internal clock ¢@ stops at the “L” state, but the oscillator does not 
stop. Therefore, the timer, serial 1/O, and A-D converter can be used. The stopping of internal clock @ is 
cancelled when an interrupt is accepted. An instruction can be executed immediately because the oscillator 
does not stop. | 


Refer to “Appendix 4. Stop, wait, one-wait, Ready, and Hold state” and “MELPS 7700 SOFTWARE MANUAL” 
for information concerning the STP and WIT instructions. 


Interrupt | Reset 
request” @ 


STP R RL_SIP 
instruction instruction 


Internal 5 


Watchdo 


fi6 


1/2 


XIN XOUT 





Fig. 4.2.1 Clock generation circuit block diagram 
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OSCILLATING CIRCUIT 


4.2 Clock generator 


MEMO 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 





5.1 Electrical characteristics 
5.1.1 Absolute maximum ratings 


Absolute maximum ratings 


Symboll Parameter |S Conditions, | Ratings 










Unit 


=> 









Neo — | Suppiywohage eto 
[AVcc__|Analogsupplyvoltage (ae t—“(‘(‘“‘(;“‘sYSCOCOCTTTTTCC*dL*C M§$ENRE TUBB eC 
Input voltage RESET, CNVss, BYTE Pee we we es IOS eV 
Vi Input voltage PQo—P07, P1o—P17, P20o—P27, P30—P33s, —0.3 to Vcc+0.3 V 

P4o—P47, P5o—-P57, P60-P67, P7o—P77, 

P80—P87, Vrer, XIN 
Vo Output voltage PQo—P07, P1o—-P17, P20o—P27, P30—P33, —0.3 to Vcc+0.3 V 
_ P4o-P47, P50o-P57, P60o—P67, P7o—-P 77, 

P80—-P87, Xout, E 
[Pd | Powerdissipation — as —“(‘i‘“;ét;*C*s=HPNC ($$ eT 800— | MW __ 
‘Topr__|Operatingtemperature — —“‘“‘té‘iLSOCOCt*C(‘;$R’’N’NNNSUNNW§W$NW$KNN "DOBBS s_§»_s |_ P_——” 
Tstg_ |[Storagetemperature (a t—“(‘CW!!!!CUdTLUULCC“‘(*ziLLCSCOC=40tO150 | CT 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 





5.1.2 Recommended operating conditions 


Recommended operating conditions (Vcc=5V+10%, Ta=—20 to 85°C, unless otherwise noted) 













Supply voltage 
AVcc__|Analogsupplyvoltage | CN | 
se. SUDO VON OC on a ae ee tee ae 
AVss__|Analogsupplyvoltage CT 
Vin High-level input voltage POQo—P07, P30—P33, P4o—P4z, Vec 

P50-P57, P6o—-P67, P7o—P77, 

P80—-P87, Xin, RESET, CNVss, 

BYTE 








Vin High-level input voltage P1o~P17, P2o-P27 Vc 
(in single-chip mode) 

Vin High-level input voltage P1o0—-P17, P2o—-P27 0.5Vcc Vc 
(in memory expansion mode a 
and microprocessor mode) 

VIL Low-level input voltage PQo—P07, P30—P33, P40—P47, 0.2Vcc | V 
P5o0-P57, P60-P67, P7c—P77, 
P80—P87, Xin, RESET, CNVss, 
BYTE 

Vit Low-level input voltage P1o—-P17, P20—P27 
(in single-chip mode) 

Vit Low-level input voltage P1o—P17, P2o—P27 


(in memory expansion mode 
and microprocessor mode) 


High-level peak output current POo—P07, P1o—P17, P20—P27, 
P30~P33, P4o—-P47, P50—-P57, a 
P60—P67, P7o—-P77, P80—P87 
High-level average output current POo—P07, P10-P17, P2o—P2z, a 
P30-P83, P40o—-P47, P50o—P57, 
P60—P67, P7o—P77, P80—P87 
Low-level peak output current PQo—P07, P10—P17, P2o—P27, 
P30-P33, P40o-P47, P5o—P5,, 
P60—-P67, P7o—P77, P80—P87 
Low-level average output current POo~P07, P1o—P17, P2o—P2z, 
P30-P33, P40o—-P47, P5c—P57, 
P60—P67, P7o—-P77, P80—-P87 
seus atl 
= 
Ss eel 


(Xin) External clock frequency input | M37702M2-XXXFP, M37702S1FP 
M37702M2AXXXFP, M37702S1AFP 
M37702M2BXXXFP, M37702S1BFP 


Note 1. Average output current is the average value of a 100ms interval. 

2. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 


E 

no 

< 

QO 

oO 
3 3 3 3 


(@) oO Oo oO 
iam T xz xz 
ry o my > 
< 

Zz ne =z 


= 
a 
N 


-_— —_ | 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 





5.1.3 Electrical characteristics and A-D converter characteristics 


M37702M2-XXXFP 
Electrical characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(Xin)=8MHz, unless otherwise noted) 


Parameter 


High-level output voltage © PQo-P07, P10-P17, P2o-P2;, 
P30, P31, P33, P4o-P47, 
P5o0-P57, P60-P67, P70-P77, 
P80-P87 

High-level output voltage © PQo-P07, P10-P17, P2o-P27, 
P30, P31, P33 


Vou High-level output voltage P32 oH=—10MA 
oh=—400UA 


VoH High-level output voltage E oH=—10MA 
oH=—400UA 
lo.=10mMA 






Limits 





Test conditions nit 


lou=—10MA 


= 
9) 
ps 


















lon=—400nA 





g]/9} © Sd cd bal icc a wo! = 
=a/P; # OCo;AjOoj—} NI | 


oO 


o 
I) — | o> ay (a pee 








PQo—P07, P10-P17, P20-P2z, 
P30, P31, P33, P4o-P4z, 
P50-P57, P60-P67, P7o-P77, 


Low-level output voltage 














He FY Hdd dd ae 








P80-P87 
Low-level output voltage  POo-P0z, P1o-P17, P20-P27, |lo.=2mA 0.45 
P30, P31, P33 
lo.=2mA 
= ow Output voltage 
lo.=2mA 









HOLD, RDY, TAOww-TA4in, TBOin-TB2in, 


<= 
i 
< 
T 


Hysteresis 





eee ee 


INTo-INT2, ADtrc, CTSo, CTS1, CLKo, CLK: 








V14—Vr1-| Hysteresis RESET , 
Hysteresis XIN 








Bs 

















Low-level input current PQo-P07, P1o-P17, P2o—P2z, 
P30-P33, P4o-P47, P5o—P5r, 
P60-P67, P70-P77, P80-P8;, 









ee tetas eel 
ae eee 
High-level input current = PQo-P07, P1o-P17, P2o-P27, | Vi=5V 
P30-P33, P40-P47, P50-P57, 
P60-P67, P7o-P77, P80-P87, 
Xin, RESET, CNVss, BYTE 


Xin, RESET, CNVss, BYTE 


RAM 
loc Power supply current In single-chip 
mode output | Square waveform 
open andother | clock is stopped. 
pins are Vss |Ta=85°C when 
during reset. | clock is stopped. 


F 















A-D converter characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(Xin)=8MHz, unless otherwise noted) 







ee 
= 


=—|Resoiution dee 8 
[= [Absolute accuracy ——=S~S~S~S~« crc SSSSCSC~C~“~‘“~*~*~srCSC~‘“SCS*dtSC SSB 
Risooen|Ladder resistance __——~=~S~S*~S~«w rc =SSSCSC=~“~*~‘“*~*~*~‘~—rCSCdSSC*dSCT CK 
teow _[Conversiontime SSS 
Veer |Reference vollage—=S~S~=—“—~*~—~*~“—*“S*S*~—~SSC“‘CS™SCSCSCSCSCSCS*SCSCSC~*dSC:C«dCd Wes 
Vin [Analog input vollaga———SSCSCS~—SSSSSSSCSCSS 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 





M37702M2AXXXFP 
Electrical characteristics (Vcc=5V, Vss=O0V, Ta=25°C, f(Xin)=16MHz, unless otherwise noted) 


- 


High-level output voltage PQo-P07, P1o-P17, P2o-P27, jlox=-10MA 
P30, P31, P33, P4o-P4;, 
P50-P57, P60-P67, P7o-P77, 
P80-P87 
OH High-level output voltage = PQo-P0Q7, P10-P17, P2o-P27, |lox=—-400UA 
P30, P31, P33 


OH High-level output voltage P32 lox==—10MA 
lox=—400LA 




















Unit 


ep) 


ymbo 










5 
(e) 
x 


Oo 
: 
° Rlolalo) op - 
& CO} ] 00; N 


) 
i 
Ol 





< 


<= 














NO pe) 
as 





VoH High-level output voltage E lou=—-10MA 
loux=—400uUA 
VoL Low-level output voltage = POQo-P07, P1o-P17, P20-P27, |lo.=10mMA 
P30, P31, P33, P40-P4z, 
P5o-P57, P60-P67, P7o-P77, 
P80-P87 
Low-level output voltage © POc-P07, P1o-P17, P2c-P27, |lo.=2mA 
P30, P31, P33 
Low-level output voltage Pz lo.=10mA 
lo.=2mMA 0.43 
Low-level output voltage E | 





oL=2MmA 

































Vt+—V1-|Hysteresis HOLD, RDY, TAQw-TA4wn, TBOw-TB2in, | 
Mr—-Vr-|Hysteresis RESET se TCs 
Mr—-Vr-[Hysteresis XN —(i‘“‘“‘“‘iOO 
lH High-level input current = PQo-P07, P1o-P17, P2o-P27, | Vi=5V 

P30-P33, P4o-P47, P5o-P 57, 

P60-P67, P70-P77, P80-P87, 

Xin, RESET, CNVss, BYTE 
lie Low-level input current PQo-P07, P1o-P17, P20-P27, | Vi=0V 5 |} pA 

P30-P33, P4o-P47, P5o-P57, 

P60-P67, P7o0-P77, P80—P87, 

Xin, RESET, CNVss, BYTE 


mA 


cc Power supply current 








mode output | Square waveform 

only pin is|Ta=25°C when 
openandother | clock is stopped. 
pins are Vss |Ta=85°C — when 


during reset. | clock is stopped. 


S 


2 


>) 





wo a Te>) 


ok 





A-D converter characteristics (Vcc=5V, Vss=O0V, Ta=25°C, f(Xin)=16MHz, unless otherwise noted) 


) 
Symbol, Parameter top comnole  Min._| Typ. [Max, | U™ 


[=~ [Resolution rs ee eer Bie! 
[= Absolute accuracy VaersVeoSSSSCSC~dCSCS*dSC*d 
isooen | Ladder resistance VacrsVeo—SSC~<“C~*~‘“—~*~‘sS Cd 0 CT 


























conv |Conversiontime 14.25) | | ps 
Reference voltage Pee ee ee ea) 





Vix [Analog input voltage oe es 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 





M37702M2BXXXFP 
Electrical characteristics (Vcc=5V, Vss=OV, Ta=25°C, f(Xin)=25MHz, unless otherwise noted) 
Parameter Test conditions Cc aRGre tres Unit 
V 


High-level output voltage © POQc-P07, P10-P17, P2o-P27, | lou=-10MA 3 
P30, P31, P33, P4o-P47, 
P50-P57, P6o-P67, P70-P77, |. r 
P80-P87 


OH High-level output voltage © POQc-P07, P10-P17, P2o-P27, | low=—-400uUA 
P30, P31, P33 


OH High-level output voltage P32 oH=—10MA 
lox=—400LA 


OH High-level output voltage E lox=—10MA 

oH=—400UA 

Low-level output voltage  PQo-P07, P1o-P17, P2o-P27, | loL=10mMA 
P30, P31, P33, P4o-P47, 
P5o-P57, P6o-P67, P70-P 7/7, 
P80-P87 

OL Low-level output voltage = POQo-P07, P1o-P17, P2o-P27, |loL=2mA 

P30, P31, P33 

OL Low-level output voltage P32 lo.=10MA 

oL=2mA 

VoL Low-level output voltage E oL=10mA 

lo.=2mA 


Li 


< 


Hysteresis HOLD, RDY, TAOw-TA4iw, TBOiw-TB2in, 
INTo-INT2, ADtrc, CTSo, CTS1, CLKo, CLK: 


T+—Vt-| Hysteresis RESET 
T+—V7-| Hysteresis XIN 
High-level input current = PQo-P07, P1o-P17, P2o-P27, | Vi=5V 


P30-P33, P4o-P47, P5o-P57, 
P6ce-P67, P7o-P77, P80-P87, 
Xin, RESET, CNVss, BYTE 
Low-level input current PQo-P07, P1o-P 17, P20-P27, 
P30-P33, P40-P47, P50—P57, 
P60-P67, P70-P77, P8c—P87, 
Xin, RESET, CNVss, BYTE 


re 
| 

< 

T 


bie 
+ 


cH 


< 


RAM hold voltage , 
Power supply current In single-chip | {(Xin)= Z, 
mode output | Square waveform 
only pin is|Ta=25°C when 
openandother | clock is stopped. 
pins are Vss{Tqa=85°C — when 
during reset. | clock ig stopped. 


Dy 
© 
=> 
oO 
Oo 
(@) 
2. 
- 
==; — 
<I oO 
Oo 
m8 
Ao 
=| ° 
ae 











Test conditions 








Win : 
[=~ [Resolution dr ee RS al 
[= Absolute accuracy ——SSSCS~S~S~d ez =SSCSC~“~“~—SSC*iSC‘dt 
ussoea|Ladder resistance —=~S~S~*~S~«~ rc SSSSSCSC~S~isS Cd 
(oie 
Veer [Reference vollago—=S=S~S~—~—S‘“s*SCS*~—~—“—s—sSCSC‘“‘“‘S~SC Sid 

Vi rset 
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ELECTRICAL CHARACTERISTICS 
5.1 Electrical characteristics 
5.1.4 Timing requirements 
Timing requiements (Vcc=5V+10%, Vss=0V, Ta=25°C, unless otherwise noted) 


External clock input 
Limits 


Symbol Parameter 


External clock input cycle time 


<= 
=| 


aloufpr 

Anajol|s 
pe] 
x< 


50 


a i?) 





n wn 
















Single-chip mode 

ee at ha 
Symbol Parameter 25MHz Unit 
|tsueoo-)| |PortPOinputsetuptime sss sCs| OO | | 00 | S| Os 
|tsuer-e) [Port Piinputsetuptime sss —s| 200 | | 00 | S| Osis CY 
200 | | 100/ &#2| 60 | | ns | 
200 | = | 100 | =| 60 | | ns | 
jtsupaoe) [PortP4inputsetuptime  ——s—(<$<sks tC s*d; 200 | | 00 | | sis CC 
jtsueso-) [PortP5inputsetuptime ss ss Ci; 200 | Sid 100 | S| Osis C 
200 | =| 100/ #4| 60 | | ns 
‘tsup7-e) |[PortP7inputsetuptime  =»—s—<§s § ss —its| OO | SCT 100 | S| OTs 
|tsueso-e, |PortP8inputsetuptime ss “<s —C(i| OO | Ct 00 | CC | Os 
jthe-poo) [PortPOinputholdtime = | Ts 
|the-pio) [PortPtinputholdtime = ss CT Cr is 
jtne-reo) |PortP2inputholdtime = ss | CC TC Cs 
fthe-poo) [PortP3inputholdtime ss CT CC ts 
fthe-pan) |PortP4inputholdtime = ss CC] CCC CC ns 
tye-pso) |PortPS5inputholdtime == ($s ($s ss —Ci| Ci | CT CC ts 
tne-pen) |PortP6inputholdtime == ss CT CC CT is 
fthe-p7) [PortP7inputholdtime “ss Cd} CC Cr CT Ts 
jtne-ran) |PortP8inputholdtime = tC CT Ct Cs 









Memory expansion mode and microprocessor mode 


Parameter [SMe] 


supio-e) |PortPlinputsetuptime OT 
supeo-e) |PortP2inputsetuptime | 
SU(ROY-M1) 
SU(HOLD-#) 
ne-pio) [PortPtinputholdtime 
tere) |PortP2inputholdtime 

| 0 | 


Symbol 


h(g-RDY) | RDY input hold time 
HOLD input hold time 


h(¢-HOLD) 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 





Timer A input (count input in event counter mode) 


Min. | Max. | Min. | Max. | Min. | Max. 
| 80 | 


C(TA) TAi input cycle time 
W(TAH) TAiwn input high-level pulse width 


TAiin input low-level pulse width 


Symbol 



















W(TAL) 


Timer A input (gating input in timer mode) 


Limits 
TAi input high-level pulse width 


TAin input low-level pulse width 






Symbol 


C(TA) 
W(TAH) 
W(TAL) 





Timer A input (external trigger input in one-shot pulse mode) 









Limits 
fora __| TAlw input cycle time -s00| | 250 | | i60| | ns | 
TAiiv input high-level pulse width 250 | | 125 | | so | | ns _ 
TAiin input low-level pulse width 250 a ae Ss ee ae 






Symbol Parameter 


twcTak) TAiin input high-level pulse width 


twiTAL) TAiin input low-level pulse width 





Timer A input (up-down input in event counter mode) 


{our 
ior 
iru 

1000 


N 





Timer B input (count input in event counter mode) 


‘tccra) | TBiin input cycle time (one edge count) 
ltwah) =| TBiin input high-level pulse width (one edge count) 


W(TBL) 


tc(TB) 
twcTBh) TBiw input high-level pulse width (both edges count) 
ftwerat) | TBiin input low-level pulse width (both edges count)| 250 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 





Timer B input (pulse period measurement mode) 


Limits 
in. in. 















tra) | TBiwinputcycletime 1000 | | 00 | | 320 | ns 
twa) | TBin input high-levelpulse width | 500 | | 250 | | 160 | ns 
ftw.) | 1 Biin input low-level pulse width 500 | one od oes] 


Timer B input (pulse width measurement mode) 


symbol Parameter 


TBiin input cycle time 


twiTBH) TBii input high-level pulse width 
twTBL) TBiin input low-level pulse width 





A-D trigger input 


Symbol Parameter 
Min. | Max. 






















ftcian) | ADtarc input cycle time (minimum allowable trigger)| 2000| =| 1000{ =| 1000] | ns | 
ftwapt) | ADtra input low-level pulse width 250 | | 125] | 125/[ | ons | 


Serial 1/O 













Symbol Parameter Unit 
| Min. | Max. | Min. | Max. | Min. | Max. 
CLKi input cycle time Se | 280 |__| ad | _ 
jtwexw _|CLKiinput high-levelpulse width =| 250 | | 125 | | 100 | 
twexy __|CLKi input low-level pulsewidth | 250 | | 125 | | 100 | ns 
taco) | TxDioutputdelaytime = OT | 98 | 80 | 
tyc-a) | TxDiholdtime 8 8 80 | ns 
tsuo-c) [RxDiholdtime | 8 ns 
jthe-o) | RxDiinputholdtime | 98 8 98s 


Parameter 


NTi input high-level pulse width 
INTi input low-level pulse width 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 





5.1.5 Switching characteristics 


Switching characteristics (Vcc=5V+10%, Vss=0V, Ta=25°C, unless otherwise noted) 


Single-chip mode 


Port PO data output delay time 
Port P1 data output delay time 
Port P2 data output delay time ' 


Note : Test conditions are shown in Figure 5.1.1. 





Memory expansion mode and microprocessor mode (when wait bit is “1”) 


Min. 


Port P1 data output delay time (BYTE=“L” 

d(E-P2Q) 

PXZ(E-P22) 

d(¢r-HLDA) 
B 





© 
<= 
ae 
N 





<= 


ax. 


atl —, 

















ema Gamal nad Gunes at anak Gaal Small Weal fal Ewen Meme 


Port P1 address hold time (BYTE="L” 

h(E-P1A) 
hE-RAW) 
220 


Note : Test conditions are shown in Figure 5.1.1. 


Yat i comet Son od ome cena anal faunal Gamal fama Wan att Gena 


= {1 /On/o1 o1| On| on on lee = ms = 
aah, a wh 
QQ =) o1}— oij— 
oO oO oO oO 


wae) 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 





Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area accessed) 


Limits 
Parameter 
in. ; in. | Max. 


d(POA-E) Port PO address output delay time 
d(E-P1Q) Port P1 data output delay time (BYTE="“L” 
PXZ(E-P1Z) | Port P1 floating start delay time (BYTE="“L” 








Symbol 


© 
<= 
an 
N 
— 
©) 
= 
— 
N 
Ae) 
O1 
= 
— 
N 
oes 
>. 





= 


at [oa] a! 2 —/ a] 2 — MIM IN| nv ola cn| =| => 
0 |00; OO; © 00; 00; 00 ©O O};O iP NO NO MS 


) 
= 

. — o1 ~ > 
PELLET LBL LTT fet [leet | fia fE 





d(PtA€) 
a{P1AMALE) 
dt€-P20) 
PXZ(E-P2Z) 
atP2A-E) 
a(P2A-ALE) 
dlgr-HLOA) 


d(ALE-£) ALE output delay time 


W(ALE) ALE pulse width 


d(BHE-E) BHE output delay time 
a(RW-£) 
EW 
hE-POA) 
hALE-P1A) 
hE-P10) 
PZx(E-P1Z)_ | Port P1 floating release delay time (BYTE="L”) 

hE-P1A) 
h(ALE-P2A) 
NE-P20) 
PZX(E-P22) 
h(E-BHE) 
hE-RW) 
WEL) 470 


Note : Test conditions are shown in Figure 5.1.1. 


=/alolol..lol olol..}o}—/2is = = ol B= 






-_ 





130 


wD —_ — — = 
2 =) on] oi} |p 
© © © ~< 








Fig.5.1.1 Testing circuit for ports PO to P8, ¢: 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 





5.1.6 Equations for calculating the parameters 
Table 5.1.1 shows the equations for calculating the following parameters : 


tW(ALE) oo .ceececceecceeceeees ALE pulse width td(R/W-E) oe R/W output delay time 
LWEEIY cts: sccunpensecaeoens E pulse width tpzx(E—PiZ) oe Port Pi floating release delay time 
td(PIA-E) wu. aa Pi address output delay time — th(E-PiQ) «0... Port Pi data hold time 
td(BHE-E).... STE sa delay time td(PiA-ALE) ........... Port Pi address output delay time 


Table 5.1.1 Equations for calculating parameters 


Parameter S| 16MHz version 25MHz version 


AWIAEE) 1 ; ie. i : Ae 1 X 10° 





tw(EL) 
Wait bit = “1” pa 
(Ee et pate fern ere ea SA ee age tte en mere me Bie wine he Ee 
Wait bit = <—____ 
Ta(PIA—E) 
2 xX 10° 

12 +Fxiny 7 89 

td(BHE-E) 
x 9 

td(R/W-E) 20 +N — 80 
tpzx(E-PiZ) 1X 10° 1X 10° 1X 109 
th(E-PiQ) 2x axiny~ 12° 2X fxn) &29 2x {(xin) ° 


{d(PiA-ALE) 9 
AAO? AO? ose UE Sayer 
~ (XIN) | f(XIN) f(XIN) 


(Dimension in ns) 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 





5.1.7 Timing diagram 
Single-chip mode 


f(XiN) 


E 


Port PO output 


Port PO input 


Port P1 output 


Port P1 input 


Port P2 output 


Port P2 input 


Port P3 output 


Port P3 input 


Port P4 output 


Port P4 input 


Port P5 output 


Port P5 input 


Port P6 output 


Port P6 input 


Port P7 output 


Port P7 input 


Port P8 output 


Port P8 input 


nae 


te 


td(E-PoQ) 
B 
OD Ee 


>» th(E~POD) 


>| td(E-P10 
ry 


tsu(P1 sais pe 
DA th(E- 


P1D) 


<—>| td(E-P20) 


( 


tsu (P2D-E) — 
Fea thE 


P2D) 
ys E-P30 
_X 
tsu(P3D-E) 
: man 
th(E-P3D) 
> tS PAa) 
{ 
a ao, 
<>\ th(E-P4D) 
en E-P5Q 
_X 
tsu(P5D-E)« 
[ 
' th(E-P5D) 
=" td(E-P6Q 
{ 
tsu(P6D-E) 
~ PO 
th(E-P6D) 
td(E-P7Q 
Bp. 
tsu(P7D-E) 
mn 
th(E-P7D) 
ys E-P8Q 
( 
tsu(P8D-€) 
ha th(E-P8D) 


pa tw(H) ¥ tWwiL) 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 





te(TA) 
aera) 
TAiin input 
tc(UP) 
ee _——— 
TAjiout input 


TAiout input 
(Up-down input) 


In event counter 
mode TAin input 


(When count by falling) 


th(Tiw-UP)| tsu(UP—Tin) 


TAiin input 
(When count by rising) 


te(TB) 


ane 
ae 


te(AD) 
fo \ 
fy ’ 
te(Ck) 


ee 
CLKi 


TBiin input 


ADrtrc input 


thic-a) 


—— 
TxD ae a 


th(C-D) 


RxDi 


INTi input 
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ELECTRICAL CHARACTERISTICS 


Memory expansion mode and microprocessor mode 


(When wait bit="1”) 


m 
Bee 


RDY input 


(When wait bit="0”) 


pi 


my 
N 
. 


RDY input 


(When wait bit="1” or “O” in common) 


pr 
tsu(HOLD-$1) 


HOLD input 


td(¢1-HLDA) 


HLDA output 


Test conditions 

*Vcc=5V110% 

Input timing voltage > Vi=1.0V, Vin=4.0V 
eOutput timing voltage  : VoLr=0.8V, Vox=2.0V 


5.1 Electrical characteristics 


th(gi-HOLD) 


td(g1-HLDA) 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 





Memory expansion mode and microprocessor mode (When wait bit=“1”) 


a 
a 


tw(L) 
f(Xin) 


qr 





E 

|_ te(PoA-E) 
Port PO output — ———— 
(om (|| Aasress [KX —iAeess——-*Y 
Port Pt output tyaLe-PrA) | wera toate 
(As (accress|| Data |X _Aadress|_) 
em va 

BES td(P1A-E 

Port P1 output , ee — 


ol a mais) 


Port P1 input lz 


— Address 






ee toe-ren 
ee (Cisesel| {daa natoss | == nose 

{d(P2A~ALE .ta(E-P2Q) |< taiFeA-e) | tsu(P2D~E) 7—t- th(E-P2D) 
Port P2 input 


tw(ALE) 
pases td(ALE-E) 
Port P32 output | 
. ae 


td(BHE-E) 
h(E-BHE) 
Port P31 output ba 

(BHE) et ee? Gea 


ta(R/W-E) 


th(E-R/W) 
(R/W) 


Test conditions 

*Vcec=5V+10% 

*Output timing voltage : Vor=0.8V, Vou=2.0V 
*Ports P1, P2 input : Vi=0.8V, Vin=2.5V 
ePort P41 input > Vii=1.0V, Vin=4.0V 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 


Memory expansion mode and microprocessor mode (When wait bit=“0”, and external memory area is accessed) 


f (Xin) 






gt 

td(E-91) 
E 
(Ac—A7) 


{pzx(E-P1Z) 
Address 


Port P1 output ThALE-P1A) i 


(As—A1s/De—D1s) eae) 


(BYTE="L”) 








<——_> 
ta(P1A-ALE) 
Port P1 output id 
(ts ([[ sarees DX [aasiess 7) 


(BYTE="H’) 









Port P1 input 


th(ALE-P2A) ; <>) tpzx(E-P2Z) | 
ecu pe Msc vc A oy 
recs Sate ec ii 


' tsu(P2D-E) 
—-E 
td(P2A-ALE) | alee! "came a th(E-P2D) 


Port P2 input 


tw(ALE) 
td(ALE-E) 
Port P32 output r\\ , 
(ALE) 





td(BHE-E) 
th(E- BHE) 
oo 2 ee) GD 
(BHE) 
td(R/W-E) 
thiE- RW) 


Port P30 output - : 
(RW) 


Test conditions 

*Vcc=5V+10% 

*Output timing voltage : Vor=0.8V, Vou=2.0V 
*Ports P1, P2 input : Vi=0.8V, Vin=2.5V 
*Port P41 input > Vii=1.0V, Vin=4.0V 
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5.1 Electrical characteristics 


MEMO 


192 


CHAPTIER © 
STANDARD 
CHARACTERISTICS 


6.1 Standard characteristics 

















STANDARD CHARACTERISTICS 


6.1 Standard characteristics 
6.1 Standard characteristics 
The data described in this chapter are characteristic examples for M37702M2BXXXFP. The data is not 
guaranteed value. Refer to “Chapter 5. Electrical characteristics” for rated values. 
6.1.1 Standard port characteristics 


(1) Programmable 1/O port (CMOS output) P channel lox—Von characteristics 


Supply voltage Vec=5V 


P channel 







loH [mA] 
wo 
Ss) 
© 






i ae es eee Se Fa ee 
eee ele We eee ee 
ae ee a a ON 
1.0 2.0 3.0 4.0 

VoH [V] 





(2) Programmable I/O port (CMOS output) N channel lot—Vo. characteristics 


Supply voltage Vec=5V 


lot [mA] 





VoL [V] 
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STANDARD CHARACTERISTICS 


6.1 Standard characteristics 


6.1.2 Icc—f(Xin) standard characteristics 


(1) Icc—f(Xin) characteristics on operating and at reset 


Measurement condition (Vcc=5V, Ta=25°C, f(XIN): square wave, single-chip mode) 


Buea 


Icc [mA] 





(Xin) [MHz] 


(2) Icc—f(Xin) Characteristics during wait 


Measurement condition (Vcc=5V, Ta=25°C, f(XIN): square wave, single-chip mode) 


Icc [mA] 





(Xin) [MHz] 
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STANDARD CHARACTERISTICS 


6.1 Standard characteristics 


6.1.3 A-D Converter standard characteristics 

The lines at the bottom of the graph indicate the absolute precision errors. These are expressed as the 
deviation from the ideal value when the output code changes. For example, the change in output code from 
0016 to 0116 should occur at ANi=10mV, but the measured value is 5.0mV. Therefore, the measured point 
of change is 10+5.0=15.0mV. 


The lines at the top of the graph indicate the input voltage width for which the output code is constant. For 
example, the measured input voltage width for which the output code is OFie is 22.0mV. Therefore, the 
differential non-linear error is 22.0-20=2.0mV (0.1LSB). 


[Measurement condition] 


@ Vcc = 5.12V 
@ Vrer = 5.12V 
@ Xin = 25MHz 


@ Temp. = 25°C 


20 +1LSB 


= a ae 
ala ae RA RE a: (Ca Sea eae (Ne Ny ee eee : 
e aa CARS ak i ASR ian RANA A sn ER Lc RR LCOS = 
: 5) 
S 

Se ee ae os ee ee ee on 


ee ee re ee 

DAR aA ada LAL AAA bin Aa banata | ban a lo satse 

|} nt ice 
—{—}-—}— +, = 4} tt 


[mV] 
HILOIM gS 


ERROR 





128 136 144 152 160 168 176 184 192 200 208 216 224 232 240 248 256 
STEP NO 
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APPLICATION 


7.1 Memory expansion 


7.1 Memory expansion 
This section describes the external memory expansion of the M37702 group. 


7.1.1 Memory expansion model 
The memory can be expanded in memory expansion mode and microprocessor mode by using the externa! 
bus width selection pin (BYTE pin). Four memory expansion models shown in Table 7.1.1 are available. 


(1) Minimum model 


(2 


(3 


(4 
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~~ 


External memory area within the 64K bytes memory space is accessed using an 8-bit data bus. No 
external address latch is necessary. This is the most cost effective expansion model for externally 
adding an 8-bit element. 


Medium model A 
Memory space beyond 64K bytes is accessed using an 8-bit data bus as same as the minimum model. 
An n bit (ns8) address latch is required to latch the address data from the high-order 8 bits (Aes to 
Ais) of the address bus multiplexed with the data bus, but the accessible memory space is expanded 
up to 16M bytes. 


Medium model B 
This expansion model limits memory space to within 64K bytes, but provides optimum speed. The 
external data bus width is 16 bits and expanded memory area can be accessed as fast as internal 
area if no wait (software wait nor hardware wait due to the RDY input) is used. This expansion model 
requires an 8 bit address latch because the middle 8 bits (Ais to As) of the address bus are multiplexed 
with the data bus. 


Maximum model! . 
This expansion model uses 16-bit width external data bus to access up to 16M bytes. An 8-bit latch 
to latch the middle 8 bits (Ais to As) of the address bus and ann bit (ns8) latch to latch n bits of the 
high-order 8 bits (Azs to A1e) are required. 


APPLICATION 


7.1 Memory expansion 





Table 7.1.1 Memory expansion model 


Access space 
External bus width Less than 64K-byte 64K-byte or more 


8-bit 


BYTE = “H” 


RI 8-bit latch 


Memory expansion model Medium model B Memory expansion model 





| The M37702 group must operate in memory expansion mode or microprocessor mode in order to perform | 
! memory expansion. When either of these modes is selected, ports PO, P1, P2, P3, and part of P4 function ! 
| aS address/data bus pins or memory expansion related control pins and lose their I/O port functions. | 
| Therefore, port expansion must be performed together with memory expansion for applications that use |! 
| many ports because the number of I/O ports is reduced by 30 compared with single chip mode. Port, 
: expansion is described in section “7.2 I/O expansion”. , 
; The Vss line of the M37702 group should be reenforced during memory expansion and I/O expansion because the , 


pacdiess bus is used at 24 bits. | 


199 

















APPLICATION 


7.1 Memory expansion 





7.1.2 Memory access time calculation 

This section describes how to calculate the memory access time necessary to satisfy the memory expansion 
timing requirements. The memory access time calculation methods are described for minimum model which 
does not use the ALE signal and other three models which use the ALE signal. 


(1) Minimum model memory access time 


Figure 7.1.1 shows the bus timing diagram for the minimum model. The memory access time taao) for 
the minimum model is obtained by the following equation. 


taap)=taipoavP1A-E)+twieL)—tsuip2d-ey-{address decode time}:-:- @ 
Note: tapovpra-e) in equation © represents either tapoa-c) or ta(P1A-e). 


tapowpia-E) and twet) in equation © are parameters that depend on the operating clock frequency and 
are calculated by the equations shown in Table 7.1.2. tsupzp-e) is a constant that depends on the operating 
clock frequency (8, 16, or 25MHz). Address decode time is the time required to decode the address 
and make the chip select signal valid. 

The data setup time tsuio) for write is obtained from the following equation. 


tsu(d)=tw(EL)—ta(e-P2aq) ***"* @ 


lf the setup time requested by the device do not satisfy these values, waits must be inserted in the 
bus cycle with the wait bit or RDY input. 

Figure 7.1.2 shows the relationship between the memory access time tan) and operating clock fre- 
quency f(Xin) for a minimum model. The graph in Figure 7.1.2 shows the memory access time ignoring 
the address decode time in equation ©. Therefore, the actual memory access time is the value of the 
graph minus the address decode time. 
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APPLICATION 


7.1 Memory expansion 





Figure 7.1.3 shows the relationship between the data setup time tsuo) for write and the operating clock 
frequency. 


Table 7.1.2 Operating clock frequency dependent parameter calculation equations and constants 


8MHz version 16MHz version 25MHz version 
Parameter M37702M2 M37702M2A M3702M2B 
td(POA-E) 210° _ 950 30 + 2x10° 425 210° _ 80 


— 12 
td(P1A-E) *F(Xin) (Xin) 12 + 1Xin) f(Xin) 








tw(EL) 
! ‘Under software one-waitt  4x10° ,. | | 
‘(the wait bit = “O”) 


tsu(P2D-E) 


te(e-P20) 45 


(Dimension in ns) 





Port PO 


Low-order address ceed aioe order Lassie! 
(Ao—-A7) 


" td(POA-E) 


Port P1 Middle address amsieaal address 
(As—A15) 


| ea tee High-order address SEN High-order address 
3 ray 


tsu(P2D-E) 


* ta(AD) , * tsu(D) 


At data reading At data writing 





Fig. 7.1.1 Minimum model bus timing 
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7.1 Memory expansion 


u 





8MHz version | 16MHz version 25MHz version 


af pT ge ee LS 
ie. 0 OF DN BO as cs as 


[ns] 


ae a oe 


a 4 Sie e eee 
is A 


350 331 330 


fay 
= 
W 
and 
* 
@® 
£ 
end 
WY) 
Y) 
@ 
QO 
O 
ra) 
>) 
tee 
O 
= 
® 
= 


22 23 24 = 25 
[MHz] 


"Except for address decode time 


oe oar i aie, ae 





Fig. 7.1.2 Relationship between memory access time and operating clock frequency for minimum model 


8MHz version 16MHz version 25MHz version 


[ns] 


—<—_— >< _________________ Sr) i 

‘ont ppt tt 

400 
ofp ttt tt tt its Kona =} 

i HH = ~—_ 

300 —_ 


250 
200 


150 


Sy 
a) 
Pl) 
® 
E 
— 
Q 
— 
+ 
® 
“ 
(4) 
— 
a) 
a) 


11 12 13 14 #15 146 17 #+%18 #$(19 = «20 


External input clock frequency f(Xin) 





Fig. 7.1.3 Relationship between data setup time for write and operating clock frequency 
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7.1 Memory expansion 





(2) Medium/maximum model memory access time 
Figure 7.1.4 shows the bus timing diagram for medium and maximum models. 
ALE signal must be considered in addition to address output delay time when calculating the memory 
access time for this model. 
The memory access time for the medium and maximum model depends on the following two conditions: 


@When address is determined before ALE is enabled. 
(when tw(ALe)+ts(ALe-c) < td(P1A/P2A-E)) 
ta(AD)=tw(ALE)+td(ALE-E)+-tw(EL)—tsu(P2D/P 1D-E) 

—{address latch delay+address decode time} --::- @ 


@When address is determined after ALE is enabled. 
(when twAcey+ta(ALe-e) > ta(P1a/P2A-E)) 
ta(Ab)=ta(P1A/P2A-E)+Tw(EL)—tsu(P2D/P 1D-E) 

—{address latch delay+address decode time} -:::: ® 


Note: tapiwp2a-c) in equations © and @ represents either tapia-e) Or tap2a-e) ANC tsu(pep/P1D-E) represents 
either tsup1o-e) Or tsu(p2D-£). 


ta(P1A/P2A-E), twALE), aNd tweL) in equations @ and @ are parameters that depend on the operating clock 
frequency and are calculated by the equations shown in Table 7.1.3. tsupeop1p-c) is a constant that 
depends on the operating clock frequency (8, 16, or 25MHz). The address latch delay is the delay 
caused when latching the address data. Note that its value is different under the conditions for 
equation @ and equation ©. The address decode time is the time required to decode the address and 
make the chip select signal valid. 

The data setup time for write can be obtained by equation © similar to the minirnum model. 


tsu(dD)=twiELy—ta(E-P2a/P1a) “°° © 
Note: tae-p2aria) in equation © represents either tde-p1a) or ta(E-P2q). 


If the setup time requested by the device does not satisfy these values, waits must be inserted in the 
bus cycle using wait bits or the RDY input. 

Figure 7.1.5 shows the relationship between memory access time taap) and operating clock frequency 
f(Xin) for medium and maximum models. The graph in Figure 7.1.5 does not take into consideration 
the address decode time in equations @ and @ and shows the memory access time when M74F573 
is used for address latch. The address decode time must be subtracted and the actual address latch 
delay must be considered in order to obtain the actual memory access time. 

The relationship between the data setup time tsuo) for write and the operating clock frequency is 
similar to the minimum model as shown in Figure 7.1.3. 
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BYTE= “H” (When external bus width is 8-bit 


E 
es ate a 
tae E) 
Port PO 


Low- a address ane Eases address 
(A0—A7) 


aap -E) 


Port P1 eee address inane i address 
(A8-A15) 
<a ES 








Port P2 


(A16—A23/D0-D7) High-order address 


—tuepea) E- —tuepea) 
* ta(AD) * tsu(D) 
R/W At data reading At data writing 





BYTE= “L” (when external bus width is 16-bit 


E 
a -— —. 
petals) E) 
Port PO 










ae order address Low-order address 
(A0-A7) 
aS E) 
Port P1 ; bai 
(As-A15/D8-D15) Middle address LE Middle —) High-order data 
aay 
Traian High-order address Wd ata WY --{ High-order zich Low-order data 
EET 
ta(P2A-E) tsu(P2D-E) mt te-Pea) mt te-Pea) 
* ta(AD) * tsu(D) 
R/W At data reading At data writing 





Fig. 7.1.4 Bus timing diagram for medium/maximum model 
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Table 7.1.3 Parameter equations and constant depending on the operating clock frequency 


‘aa 8MHz version 16MHz versionn 25MHz version 
Parameters M37702Me2 M37702M2A M37702M2B 





ta(P1A-E) 210° 
tu(P2A-E) 12+ XIN 80 
9 
tW(ALE) aa _ 18 
tW(EL) = 
| [Undersoftwareone-wait]  4x10°. |. #4| © 0 fo SS 
| (wait bit = “O”) a 
tsu(P2D-E) 
tsu(P1D-E) 30 
td(E-P2Q) 
td(E-P10Q) 45 
{d(ALE-E) — 
(Unit : ns) 


8MHz version 16MHz version 25MHz version 


[ns] 


Sore rer re eerriy 
sot aes 
550 4— = 
7 —8— Nowait 
=a “Oo = ftware one-wait 


a 
ee? 
* ee 


Memory access time” taap) 


is 103 


24 25 
[MHz} 


External input clock frequency f(XIN) 
*Except for address decode time 
The data in the graph represents values when M74F573 is J 
used for address latch, and the delay is as follows. 
(1) tw(ALE)+td(ALE-E) < td(P1a/P2a-E) at 13ns (max) 
(2) tw(ALE)+td(ALE-€) > td(P1a/P2A-E) at 8.5ns (max) 





Fig. 7.1.5 Relationship between memory access time and operating clock frequency for midium/maximum model 
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7.1.3 Memory expansion precautions 

When setting E signal to “L” level and reading the data on the bus, the M37702 group has an address hold 
time (tpxz(e-p1z/P2z)) of up to 5ns. When the E signal becomes “H” level and data on the bus is read, at 
minimum the floating time (tozxe-pizp2z)) shown in Table 7.1.4 is reserved before the next address data is 
output. Therefore, when using devices that output data on the data bus within 5ns from the fall of the E 
Signal (tenoes<s5ns) or output data on the data bus for more than tpzxe-pP1zP2z) at the rise of the E signal, 
considerations must be made to prevent bus contention between the address data output by the M37702 
group and the data output by the device. —_ 
When using devices with tenoe) that does not satisfy tpxze-p1z/P2z), generate the device read signal OE with 
only the leading edge of the fall of the E signal delayed for few nanoseconds. 

When using devices with tor and tdisioe) that do not satisfy tpzxe-p1z/P2z), delete the data output by the device 
using a bus buffer for example. Figures 7.1.7 and 7.1.8 show examples of using a bus buffer. Table 7.1.5 
shows Mitsubishi memories that can be connected to the M37702 group without bus buffer. When requesting 
memory with specifications shown in Table 7.1.5, specify “tor 15ns microcomputer and kit.” 


Table 7.1.4 Address hold time and data floating time 


8MHz version 16MHz versionn 25MHz version 
Parameter M37702M2 M37702M2A M37702M2B 


tpxz(E-P1Z) 
loxa(E-P1Z) 1x10° oa OE 1x10° 
tpxz(E-P2z) 2Xf( Xin) — 12.5 2X (Xin) — 6.25 2Xf (Xin) 2.0 


(Dimension in ns) 


E 


Peripheral device OE 
(Read signal) 


tpxz(E-P 12) tpzx(E-P1Z) 


tpxz(E-P2Z) tpzx(E-P2Z) 


Address 


Peripheral device 
data output 


, 





Fig. 7.1.6 Memory data read timing 
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Table 7.1.5 Memory usable without bus buffer 


Memory type Type name tor/tdis (OE) Conditions 
EPROM M5M27C256AK-85/-10/-12/-15 15ns f(Xin)S20MHz (Note) 


or equivalent OTP component 
M5M27C512AK-10/-12/-15 ( 

or equivalent OTP component 
M5M27C100K-12/-15 
M5M27C101K-12/-15 
M5M27C102K-12/-15 


M5L27512K-17/-2 a f(Xin)S8MHz 
SRAM M5M5256BP-70/-85/-10/-12/-15 15ns f (Xin)S20MHz (Note) 


or equivalent L,LL types 
M5M5178P-35/-45/-55 


Note: M/74F32 or equivalent component is required for read signal generation when using at 16MHz fre- 
quency or greater. 





M37702 


> Address bus 
ALS573AP 


WT 
ALS245A* 
As—A15 


'Ds-D1s pom |B Atom 3 > Data bus (odd) 
DIR OG | 
ALS245A* 
$B A\< p Data bus (even) 


—_—_—_—_@—/DIR OC 


* Available gate examples 


fea] ome | towne | 
ALS32%* OR 
! 3-STATE | ALS245A F245 
} BUFFER |ALS1245A 


Circuit conditions : 8MHz with No wait 
: 16MHz with software one-wait 





8/16MHz 
Fig. 7.1.7 Bus buffer usage example (1) 
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M37702 


Address bus 


ALS245A 


/Ds—Dis A B Data bus (odd) 


DIR OC 
ALS245A 


Data bus (even) 


Circuit to extend the write 
hold time by quickening the 
write signal rise timing by 
1/2 1 clock 


Circuit condition : 16MHz with software one-wait 





Fig. 7.1.8 Bus buffer usage example (2) (connection to device that requests long hold time during write) 


7.1.4 Connection to devices that request long access time 

Waits can be inserted in the bus to extend the access time when connecting to devices that request long 
access time. Wait can be inserted by software one-wait method which sets the wait bit of the processor 
mode register bit 2 to “0” and inserts waits for 1 cycle of the clock ¢: during the “L” level cycle of the E 
signal, or by hardware using RDY to insert any number of wait cycles. Figure 7.1.9 shows an RDY gen- 
eration circuit example for one-wait insertion by hardware. Hardware wait by RDY input can generate wait 
for internal area access as well. Therefore, this circuit example uses a chip select signal to specify the area 
for inserting a wait. lf the clock frequency is 14.9MHz or greater, this circuit cannot be used because the 
setup time of the RDY input at the fall of the clock g: is insufficient. Refer to section “7.1.5 (5) Memory 
expansion example at 25MHz using software one-wait+RDY” for the use of RDY when RDY input setup time 
is insufficient. 
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M37702 


Data bus 


csi 


Address decode es! 
latch circuit : Cicciit CS RDY signal input timing 
2 — 


< 


Insert wait due to RDY 
only in area accessed 
by CSe Interval extended by RDY input 


Circuit condition : f(Xin) < 14.9MHz, Software no wait 





Fig. 7.1.9 RDY generation circuit example 


7.1.5 Memory expansion example 
Memory expansion examples are described below. 


(1) Minimum model memory expansion example 
Figure 7.1.10 shows a minimum model memory expansion example. In a minimum model, the R/W 
signal and E signal are used to generate the memory read signal RD and write signal WR. The BHE 
signal is unused and must be kept open. 


M37702S1FP 


Memory map 


0000'6[ SFR area 


0080 
Bs Internal RAM area 


028016) & ternal RAM area 


(M5M5256BP) 
800016 


, {External ROM area 
(M5M27C256AK) 





Fig. 7.1.10 Minimum model memory expansion example 





209 














APPLICATION 


7.1 Memory expansion 





(2) Maximum model memory expansion example 
Figure 7.1.11 shows a maximum model memory expansion example. In maximum mode, the memory 
write signal must be separated into even address write signal WE and odd address write signal WO 
because the external data bus is used as a 16-bit bus. The even address write signal and odd address 
write signal are separated by using Ao of the address and the BHE signal. The read signal need not 
be separated because the microcomputer selectively inputs the data. 


M37702M2AXXXFP 


Memory expansion mode 
Address bus 


Pi Ao-A14 


MS5M5256BP 


Memory map 
ee 000016 (~~ SER area 
ees 008016 
OE W Internal RAM area 


027F16 
Not used area 

Co000i16 
Internal ROM area 

FFFFi6 


1000016 
Extended RAM area 
(M5M5256BP x2) 

1FFFFi6 


Circuit condition * Software one-wait 





Fig. 7.1.11 Maximum model memory expansion example 


(3) Memory expansion example at 20MHz using software one-wait 
Figure 7.1.12 shows a memory expansion example at 20MHz using software one-wait (maximum 
model). No bus buffer is required in this example because M5M27C102K-15 is used as an external 
ROM (see Table 7.1.5). 


(4) Memory expansion example at 25MHz using software one-wait 


Figure 7.1.13 shows a memory expansion example at 25MHz using software one-wait (medium model 
B). This example requires a bus buffer to prevent bus contention. 
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M37702S1 BFP M5M27C102K-15 


Address bus A1-A16 ‘ 
=, 
DQ 
my a Memory map 
E 000016 


008016 


patibos Internal RAM area 
027F ie 


028016 
Extended ROM area 
(M5M27C102K) 


Bus buffer is unnecessary. IFFFFis 


Circuit condition : Software one-wait 





Fig. 7.1.12 Memory expansion example at 20MHz using software one-wait 


M37702S1BFP 
M5M27C256AK-85 


Address bus (A1—A14) 


7->)0a1-Das 
OE _W 


EW 


Memory map 


oo 


008016 
Internal RAM area 
027Fi6 


Extended RAM area 


JEFF ie (M5M5256BPX 2) 


800016 
Extended ROM area 


(M5M27C256AKX2) 


Circuit condition : Software one-wait ff 





Fig. 7.1.13 Memory expansion example at 25MHz using software one-wait 
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(5) Memory expansion example at 25MHz using software one-wait+RDY 
Figure 7.1.14 shows a memory expansion example at 25MHz using software one-wait and RDY (medium 
model A). In this example, a software wait and a hardware wait by RDY are inserted during ROM access. 


M37702S1BFP 


| Address bus 







M5M27C512AK-15 


ALS74 ALS74 
1D1Q 2D 

20 
1T 


XIN XOUT 


Circuit condition : Software one-wait 


gp! % % 
E 
Software wait/ Hardware wait 
1Q 
20 





| 


Bs) 
Oo 
< 





Fig. 7.1.14 Memory expansion example at 25 MHz using software one-wait+RDY 
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(6) Memory expansion example using M66800SP/FP 
Figures 7.1.15 to 7.1.17 show memory expansion examples using the M66800SP/FP (hereafter referred 
to as M66800). The M66800 is a memory control IC that can be connected to either word bus or byte 
bus of the M37702 group. It is equipped with an internal address decoder, read/write signal generator, 
and an RDY signal generator. 


{Precautions when expanding memory using the M66800} 
Reenforce the GND lines of the M37702 group and M66800 in order to prevent errors due to noise. 
Also add an 80pF capacitor between the ALE line and GND line for safety. 


Figure 7.1.15 shows an example of adding a 64KB EPROM (M5M27C512AK-10) and a 32KB SRAM 
(MSM5256BP-10) with no wait to the M37702 group that has an 8-bit external bus and operates at 
12.288MHz. The RDY output pin of the M66800 is open because it operates at no wait. 

Figure 7.1.16 shows an example of adding a 64KB EPROM (M5M27C512AK-15) and a 8KB high- 
speed SRAM (M5M5178P-45) to the M37702 group that has an 8-bit external bus and operates at 
15MHz. The 8KB high-speed SRAM is no wait and one-wait is inserted with RDY for the EPROM. CS5 
(EPROM chip select signal) is input as the wait request input (WRQ) to the M66800 in order to limit 
the area in which the RDY is valid. 

Figure 7.1.17 shows an example of adding a 128KB EPROM (M5M27C102K-15) and two 32KB SRAMs 
(M5M5256BP-10) to the M37702 group that has a 16-bit external bus and operates at 12.288MHz. The 
SRAM is no wait and one-wait is inserted with RDY for the EPROM. Similar to Figure 7.1.16, an EPROM 
chip select signal is used to limit the area in which the RDY is valid. 


_ "ansDOSEP ae aan I 


BYTE A8-Al 





AO AI ie aaa po 


Re] ADS-AD15 
Cs9 i 
AD16-AD23 7 
CS5 8000-17FFF 


12 288MHz 





Fig. 7.1.15 Memory expansion example using M66800 (1) 
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AO A16-A23 pane 


Ai6-A23 oe . J M5M27C512AK-15 M5M5178P-45 
/Do—D7 AD16 Dee eee 8000-17FFF [== = 


Ao—A12 


RAM 
(8K) 


P|DQ1-Dae 
a=: 


M37702SiAFP -© 


CNVss 
BYTE 


Ao—A7 


/Ds—D15 SSo f28000-3 


7FFE 
I = M5M27C102K 
FFE [= 


12.288MHz 





Fig. 7.1.17 Memory expansion example using M66800 (3) 
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7.2 /O expansion 
I/O expansion is described below. 


7.2.1 1/O expansion model 

Similar to memory expansion, !/O expansion for the M37702 group in memory expansion mode and 
microprocessor mode can be performed for the four models shown in Table 7.1.1. Memory mapped I/O 
is used for |/O expansion. The expansion methods and precautions are the same as for memory expansion. 


7.2.2 I/O expansion examples 
(1) Port expansion example using M5M82C55AP-2/FP-2 
Figure 7.2.1 shows a port expansion example using M5M82C55AP-2/FP-2. This is an expansion 
example for a medium model B,and M5M82C55AP-2/FP-2 is connected to the even number port side 
and odd number port side of the M37702 group data bus to expand the I/O port to 48. The device 
reset signal is supplied from port P4s. 
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M37702S1AFP —__—_—_—_—_—-& CSo 
CS2 
CS3 


Address bus 


MS5M82C55AP-2/FP-2 


ALE 


As—-A15 
/Ds—D15 


. pe caaecess pk 
| ee 


hoa oxderacde oo 


Circuit condition : Software one-wait 





Fig. 7.2.1 Port expansion example using M5M82C55AP-2/FP-2 
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(2) Port expansion example using M66500SP/FP 
Figure 7.2.2 shows a port expansion example using M66500SP/FP. This is an expansion example for 
a minimum model which adds 24 I/O ports, 16 high-breakdown-voltage output ports, and 4 bits I/O 
ports. 


M37702S1AEP & G80 


CS3 
Address bus 


M66500SP/FP 


Circuit condition : Software one-wait 





Fig. 7.2.2 Port expansion example using M66500SP/FP 
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(3) Port expansion example using M37451M4-XXXFP 
Figure 7.2.3 shows an expansion example using an 8-bit single-chip microcomputer M37451M4-XXXFP. 
This is an expansion example for a minimum model and the host bus interface function of the M37451M4- 
XXXFP is used. 


M37702S1AFP 


» Address bus 


M37451M4-XXXFP 
cc ercreen : 
‘Ll Cs Port PO padiizun: Ba. 
>| Ao 
Port Pt pages 


>| DBo-DB7 oo. ols 
Port P2 jth se 


% “ - 
Ne nett LPR DARA RAIDED DD DAD s ere 
Bus interface Port P6 ,<eeaue% 


> RESET 


XIN XOuT 


CO 
12.5MHz 





Fig. 7.2.3 Port expansion example using M37451M4-XXXFP 
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7.3 Program examples 
7.3.1 Hardware definition 
7.3.2 Initialization examples 


7.3.3 Timer modes setting examples 


(1) Timmer A woe... cescecssnsseneeees Timer mode 

(2): TAMER Fi cccecccevisenceucseacseds Event counter mode 

(3) TIMER A vsicccisitecinvcics Two phase pulse processing function 
(A). TIMER Ay cesereiicctsctiicciiats One-shot pulse mode 

(5) TIME A cccescsscvedsccscsevscnss PWM mode 

(G9) TUMGE B vsasvssevessewenssatvcese Pulse period measurement mode 

(7) TIMOGN: B vccscccesccssciscissciess Pulse width measurement mode 


7.3.4 Serial 1/O modes setting examples 


(1) 8-bit UART .................. 1 byte receive 
(2) 8-bit UART ........ cc ceeeee 1 byte transmit 
(3) 8-bit UART ........... eee n-byte transmit 


(4) Clock synchronous....1 byte receive 
(5) Clock synchronous....1 byte transmit 
(6) Clock synchronous....n-byte transmit 
(7) Error processing 


7.3.5 A-D Conversion modes setting examples 
(1) One-shot mode 
(2) Repeat mode 
(3) Single sweep mode 
(4) Repeat sweep mode 


7.3.6 Interrupt processing examples 
(1) Interrupt setting example 


(2) Interrupt routine processing example............ When memory space is 64K bytes or less. 


(3) Interrupt routine processing example............ When memory space exceeds 64K bytes. 
7.3.7 Watchdog timer setting examples 
7.3.8 Software timer setting examples 


7.3.9 Interrupt vector table setting example 
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17 000002 

18 (000002) 
19 000003) 
20 

21 000004 

22 (000004) 
23 (000005) 
24 

25 000006 

26 (000006) 
27 (000007) 
28 

239 000008 

30 (000008) 
31 (000003) 
82 

33 O00000A 

34 (00000A) 
35 <00000B) 
36 

37 00000C 

38 (00000C) 
39 (00000D) 
40 

41 OO0000E 

42 (00000E) 
43 (00000F) 
44 

45 000010 

46 000010) 
47 000011) 
48 

49 (000012) 
50 

51 (000014) 
52 


OBJ. 


lH 
1H 


1H 
1H 


1H 
lH 


1H 
1H 


1H 
1H 


1H 
1H 


1H 
1H 


1H 
1H 


BYTE 
BYTE 


BYTE 
BYTE 


BYTE 
BYTE 


BYTE 
BYTE 


BYTE 
BYTE 


BYTE 
BYTE 


BYTE 
BYTE 


BYTE 
BYTE 


2H BYTE 


2H BYTE 


fa a ee en ee ee ee ee ee ee ee 
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7.3.1 Hardware definition 


SEQ. LOC. bbe Reese dive Res ecOeee sRese SOURCE STATEMENT. « 6:65 eee sReeecBs sc sKiae el vec ResvaGesne 


7.3 Program examples 


> Port PO, Pl registers 
> Port PO register 
> Port Pl register 


> Port PO, Pl direction registers 
> Port PO direction register 
> Port Pl direction register 


> Port P2, P38 registers 
> Port P2 register 


Port P38 register 


> Port P2, P38 direction registers 


Port P2 direction register 


> Port P8 direction register 
> Port P4, P5 registers 

> Port P4 register 

> Port P5 register 


> Port P4, P5 direction registers 


Port P4 direction register 


> Port P5 direction register 


> Port P6, P7 registers 
> Port P6 register 
> Port P7 register 


> Port P6, P7 direction registers 
> Port P6 direction register 
> Port P7 direction register 


> Port P8& register 


-PAGE °M87702 HARDWARE DEFINE’ 
+] 
4 qoaneeuan aber on ovanenanacaserananenen senses an an asan anes tnetan asaneten alone: neatattscresaen emer 
; M37702 Hardware define 

SECTION SFR_AREA 
; Sas av anes onan on ansen aven as annem ansveanan an an enon an esa as cupan an =n anapen oven an aeeewe 
, Port registers 
; 

ORG 000002H 
POl: ; 
PO: -BLKB 1 > 
Pl -BLKB 1 ; 
SewebdueG-snaccacncutuswaLcesehaxsesasies 
POID ) 
POD: -BLKB 1 ’ 
P1D: -BLKB 1 ; 
P23: ’ 
P2: -BLKB 1 ; 
P3 -BLKB 1 ’ 
veurahaneunaowistutsclsseatueeaas el uese 
P23D: ? 
P2D: -BLKB 1 ; 
P8D: -BLKB 1 ; 
; ck nin Ses acs ls as ca aes ems aoa nse es ‘nin te css gs coos ts sss se 
P45: ; 
P4: BLKB 1 , 
P5 BLKB 1 ; 
P45D ’ 
P4D: -BLKB 1 ; 
P5D -BLKB 1 ; 
oe aie awe boa ce ubuo sessed oeeaa dees 
P67: ; 
PB: -BLKB 1 > 
P7 -BLKB 1 ; 
P67D: ’ 
P6D: BLKB 1 ; 
P7D -BLKB 1 } 
S caniukeetonuceccsseeucaemenemeoanadaclGe 
P8 -BLKB 2 ; 
P8D -BLKB 2 ; 





Port P8 direction register 
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SEQ. LOC. OBJ. ae Mosee Laoag Ravin coresed hees SOURCE: SLALEMENT Se oo derec Baie s Osa eGR cad 1 vnc Beek Oe Bes dence hens 
53 1 - PAGE 
54 1; 
55 1 9 BeSSSSSSSSSSsasasTSSassSSSsS SSsSSSssaAsHTSSsH=== 
56 1; A-D conversion registers = 
57 | j SSaSSssssaassssasasssaasasas ssessssasssSsssasa== 
58 1; 
59 1 -ORG QOOO1EH 
60 (O00001E) 1H BYTE 1 ADCON: .BLKB 1 ; A-D control register 
61 COOO01F) 1H BYTE 1 ADSPS: .BLKB 1 > A-D sweep pin selection register 
62 SO tatetatatetatatetedetatatetatetatatatatatatetatatatatatatetateeetataeatate 
63 (000020) 2H BYTE 1 ADO: -BLKB 2 > A-D register 0 
64 | Saslehetetattetateatatetatatatatatatetatatatatatatataetatatatatatatatatetanae 
65 (000022) 2H BYTE 1 ADI: -BLKB 2 > A-D register 1 
66 Ut Sodetetetatetatetetatatedetatetetetatatatatatetatenatatetatatatecatatetaratatate 
67 (000024) 2H BYTE 1 AD2: -BLKB 2 > A-D register 2 
68 | RP Tostetatetetntetedetetetattatatatatettatatatatatatatetateteeatatetateeate 
69 (000026) 2H BYTE 1 AD3: -BLKB 2 ; A-D register 8 
10 | Salata atatatatatatatetahatatatetatatetatatatatetatatatataetatatetataatatal 
71 (000028) 2H BYTE 1 AD4: -BLKB 2 > A-D register 4 
72 | pert er ee terse r ewe en weno eren erecreererece 
73 (00002A) 2H BYTE 1 ADS: -BLKB 2 > A-D register 5 
74 | UP Sehetetatetstetatetatatatetatatatatatatetatatatatatabatatatatetatatataeatatatat 
75 €00002C) 2H BYTE 1 AD6: -BLKB 2 > A-D register 6 
716 | OP Soctetetatetateletetetatetatatatatatetatatatetetanatetatatetsatatatabaataatated 
77 (00002E) 2H BYTE 1 ADT: -BLKB 2 > A-D register 7 
18 1; 
719 | {eeeeaee aaa SS === 
80 1; Serial 1/0 0 registers = 
8 | 1 ; scatanasen anes a> anamananaD ana analowanenawenanan ase@asa” anawcnamon anansmansssamanatanseramaces anes 
82 1; 
88 000080 1 SOMxB: > 
84 (000030) 1H BYTE 1 SOMR: .BLKB 1 > UARTO transmit/receive mode register 
85 (0000381) 1H BYTE 1 SOBRG: .BLKB 1 ; UARTO baud rate generator (BRG) 
86 pee eee en neon enn nonnnn eoesensesene 
87 000082 1 SOTB: UARTO transmission buffer registers 


> 
88 (000032) 1H BYTE 1 SOTBL: .BLKB 1 > UARTO transmission buffer register (low-order) 
89 (000033) 1H BYTE 1 SOTBH: .BLKB 1 > UARTO transmission buffer register (high-order) 


90 | Sadatetetatatetahetatatatetatatatatatataatetateratatatatatatetetatatetatatatae 

91 000034 1 SOC: ; UARTO transmit/receive control registers 
92 (000034) 1H BYTE 1 SOCL: .BLKB 1 > UARTO transmit/receive control register 0 
§3 (000035) 1H BYTE 1 SOCH: .BLKB 1 ; UARTO transmit/receive control register 1 
94 |] prec er ewer rere n enn ewe ner en ee cocenececnn= 

95 000086 1 SORB: > UARTO receive buffer registers 

96 (000036) 1H BYTE 1 SORBL: .BLKB 1 > UARTO receive buffer register (low-order) 
97 (000087) 1H BYTE 1 SORBH: .BLKB 1 > UARTO receive buffer register (high-order) 
98 1; 

99 | » Sessaesssssssasasassasssssas sasrsasssasssssss=s5 

100 1; Serial I/0 1 registers = 

101 I 

102 ’ 

108 000038 S1MxB: ’ 


104 (000038) 1H BYTE SIMR: .BLKB 1 > UARTI transmit/receive mode register 


116 (00003E) 1H BYTE 
117 (00003F) 1H BYTE 
118 


IRBH: .BLKB 1 ; UARTI receive buffer register (high-order) 


1 
1 
1 
105 (000039) 1H BYTE 1 SIBRG: .BLKB 1 ; UART1 baud rate generator (BRG) 
106 Ui totetetatatatetatatatatatatattatetetatatatatatatatataetatetatatatatatatetatated 
107 00008A 1 SITB: > UARTI1 transmission buffer registers 
108 (00003A) 1H BYTE 1 SITBL: .BLKB 1 > UART1 transmission buffer register (low-order) 
109 (000038B) 1H BYTE 1 SITBH: .BLKB 1 > UARTI transmission buffer register (high-order) 
110 | UP Satetetatetetatetatatetatatatatetettetetatataatataetetatatetetaaataratae 
111 00008C 1 SIC: > UART] transmit/receive control registers 
112 (00008C) 1H BYTE 1 SICL: .BLKB 1 > UARTI transmit/receive control register 0 
118 (00008D) 1H BYTE 1 SICH: .BLKB 1 > UART1 transmit/receive control register 1 
114 | UE Satetatatatatettetatatetatatatetetatatatarntatatatatetetaatatatatatetaratatate 
115 O0008E 1 SiRB: > UART1 receive buffer registers 
1 
1 
1 


S 
SIRBL: .BLKB 1 > UART! receive buffer register (low-order) 
S 
; 


221 














SEQ. LOC. 


119 
120 
121 
122 
123 
124 
125 (000040) 
126 
127 (000042) 
128 
129 (000044) 
130 
131 000046 
182 (000046) 
183 (000047) 
134 
185 000048 
136 (000048) 
187 (000048) 
138 
189 00004A 
140 (00004A) 
141 (00004B) 
142 
143 00004C 
144 (00004C) 
145 (00004D) 
146 
147 O0004E 
148 (00004E) 
149 (00004F) 
150 


151 000050 © 


152 (000050) 
153 (000051) 
154 
155 000052 
156 (000052) 
157 (000053) 
158 
159 000054 
160 (000054) 
161 (000055) 
162 
163 000056 
164 (000056) 
165 (000057) 
166 
167 000058 
168 (000058) 
169 (000059) 
170 
171 00005A 
172 (00005A) 
173 (000058) 
174 
175 00005C 
176 (00005C) 
177 (00005D) 
178 
179 
180 
181 
182 
183 (O0005E) 
184 


OBJ. 


2H 
2H 


2H 


1H 


1H 
1H 


1H 
1H 


1H 
1H 


1H 
1H 


1H 
1H 


1H 
1H 


1H 


1H 
1H 


1H 


1H 


1H 


1H 


2H 





BYTE 


BYTE 


BYTE 


BYTE 
BYTE 


BYTE 
BYTE 


BYTE 
BYTE 


BYTE 
BYTE 


BYTE 
BYTE 


BYTE 
BYTE 


BYTE 
BYTE 


BYTE 
BYTE 


BYTE 
BYTE 


BYTE 
BYTE 


BYTE 
BYTE 


BYTE 
BYTE 


BYTE 


a ee ee ne ee ne ee ee ee ee 


ee ee ee ee ee ee ee ee 


fe en Oe a 


a a! 


— —_— pe 


APPLICATION 


7.3 Program examples 





eiBcew closes BisaeSew Bes cc SOURCE STATEMENT. 6:25 Sines Res ce Betas Beeec (ee Ri e20 140 eres 8 vane 
-PAGE 

? 
> Sa coe an an ewan oe av an avaneesnesenenanasenenanavanawas scenwenasarccanataamasenmeenaeanasanee 
, Timer registers = 
TABSR: .BLKB 2 ; Count start flag 
ONSF: .BLKB 2 > One-shot start flag 
UDF: -BLKB 2 > Up/down flag 
TAO: > Timer AO register 
TAOL: .BLKB 1 ; Timer AO register (low-order) 
TAOH: .BLKB 1 ; Timer AO register (high-order) 
TAl: > Timer Al register 
TAIL: .BLKB 1 ; Timer Al register (low-order) 
TALH: .BLKB 1 ; Timer Al register (high-order) 
TA2: > Timer A2 register 
TA2L: .BLKB 1 ; Timer A2 register (low-order) 
TA2H: .BLKB 1 ; Timer A2 register (high-order) 
TA3: > Timer AS register 
TASL: .BLKB 1 ; Timer A8 register (low-order) 
TASH: .BLKB 1 ; Timer A8 register (high-order) 
TA4: > Timer A4 register 
TA4L: .BLKB 1 > Timer A4 register (low-order) 
TASH: .BLKB 1 ; Timer A4 register (high-order) 
g cese tae esate euaeatecewanetannate= 
TBO: > Timer BO register 
TBOL: .BLKB 1 > Timer BO register (low-order) 
TBOH: .BLKB 1 > Timer BO register (high-order) 
' Ge asc sens “Saws ‘ems es ss a eas se ee ese a "Ses en's, 
TB1: > Timer Bl register 
TBIL: .BLKB 1 > Timer Bl register (low-order) 
TB1H -BLKB 1 > Timer Bl register (high-order) 
TB2: > Timer B2 register 
TB2L: .BLKB 1 > Timer B2 register (low-order) 
TB2H -BLKB 1 > Timer B2 register (high-order) 
TAOIMR: > Timer AQ, Al mode registers 
TAOMR: .BLKB 1 > Timer AO mode register 
TAIMR: .BLKB 1 > Timer Al mode register 
TA23MR: > Timer AZ, A&8 mode registers 
TA2MR: .BLKB 1 > Timer A2 mode register 
TASMR: .BLKB 1 > Timer A8 mode register 
TA4BOMR: > Timer A4, BO mode registers 
TA4MR: .BLKB 1 > Timer A4 mode register 
TBOMR: .BLKB 1 > Timer BO mode register 
TB12MR: > Timer Bl, B2 mode registers 
TBIMR: .BLKB 1 > Timer Bl mode register 
TB2MR: .BLKB 1 > Timer B2 mode register 
’ Processor mode register = 
PMR: -BLKB 2 > Processor mode register 


APPLICATION 


7.3 Program examples 














SEQ. LOC. OBJ. saise Bailes beccisoMe sien Gass @ Me eee SOURCE: SIALBMENT oxide Oe ooo R ieee Oeesa theses Loves Beds cOess eBons sOaccakees 
185 l -PAGE 

186 1; 

187 1 9 BE SSS Sa SSSsSrSHsaaasasHSssssSasassSaSsSzSaas=S== 

188 1; Watchdog timer registers = 

189 1 9 DESSRSS SS SSsSSaSssasasSSssia Sasssssssssasssss=s= 

190 1; 

191 (000060) 1H BYTE 1 WDT: -BLKB 1 > Watchdog timer 

192 (000061) 1H BYTE 1 WDC: -BLKB 1 > Katchdog timer frequency selection flag 

193 1; 

194 1 jp Daea aa Satan eee eee eee ane aaa nea aaa aeeasaeass 

195 : Interrupt control registers = 

1 96 1 ; Se ee as aa an esas on as awabenasa>alenanavan avanenanewanesenatanancnarenancnanonanen 

197 1; 

198 l ORG 00007 0H 

199 000070 1 ADxSOTIC: 

200 (000070) 1H BYTE 1 ADIC: .BLKB 1 > A-D conversion interrupt control register 

201 (000071) 1H BYTE 1 SOTIC: .BLKB 1 ; UARTO transmission interrupt control register 
202 | rere n cere r ewer ener ener eeen cnncecnecen- 

203 000072 1 SORxSITIC: 

204 (000072) 1H BYTE 1 SORIC: .BLKB 1 > UARTO receive interrupt control register 

205 (000078) 1H BYTE 1 SITIC: .BLKB 1 ' 5 UART1 transmission interrupt control register 
206 | Ut Solatstatatatetatatatatatatatatatatetatatatatatatatatatatatatetatatetaetataate 

207 000074 1 SIRxTAOIC: 

208 (000074) 1H BYTE 1 SIRIC: .BLKB 1 > UART1 receive interrupt control register 

209 «000075) 1H BYTE 1 TAOIC: .BLKB 1 > Timer AO interrupt control register 

210 | Et Sotetatatatetetatatetatatatehetatatetatatetatetatetatetatatatatatatatatetatatate 

211 000076 1 TALXTAZIC: | 
212 {000076) 1H BYTE 1 TALIC: .BLKB 1 > Timer Al interrupt control register | 
213 (000077) 1H BYTE 1 TA2IC: .BLKB 1 > Timer A2 interrupt control register 

214 OP Talatatatatatetatatatatatatatatatatatatatetatatetettae tetera 

215 000078 1 TASxTA4IC: 

216 (000078) 1H BYTE 1 TASIC: .BLKB 1 > Timer AS interrupt control register 

217 (000079) 1H BYTE 1 TA4IC: .BLKB 1 > Timer A4 interrupt control register 

218 |] rrr e mn nnn nn rere renner ere neres enecenenene= 

219 OQOOO7A 1 TBOxTBLIC: 

220 «00007A) 1H BYTE 1 TBOIC: .BLKB 1 > Timer BO interrupt control register 

221 (00007B) 1H BYTE 1 TBIIC: .BLKB 1 > Timer Bl interrupt control register 

222 | Sostatetetatetateratatateetetatatatetahetatatahetatatatatatetetatatatatetataae 

223 O0007C 1 TB2xINTOIC: 

224 (00007C) 1H BYTE 1 TB2IC: .BLKB 1 > Timer B2 interrupt control register 

225 <(00007D) 1H BYTE 1 INTOIC: .BLKB 1 > INTO interrupt control register 

226 | rtm rn re renee nore nw cer eren concn ccan-o~ 

227 O0007E 1 INTIXINT2IC: 

228 (00007E) 1H BYTE 1 INTIIC: .BLKB 1 > INT] interrupt control register 

229 (00007F) 1H BYTE 1 INT2IC: .BLKB 1 > INT2 interrupt control register 

230 | preter nce e rere renner ener en ccenenanena- 

231 1 ; 








223 
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7.3.2 Initialization examples 


224 


SEQ. 


242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
202 
253 
204 
255 
206 
257 
258 
209 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
230 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
805 
306 
307 
308 
309 


LOC. 


00C000 
00C000 
00C001 


00C003 
00C006 
000007 
OOCOOA 
OOCOOB 
OOCOOE 


00c012 
00C015 
000018 
000018 
00CO1A 
00CO1B 
00c01C 
OOCOIF 


000021 


00C022 
00C025 


OBJ. 


78 
C238 


A27F02 


890200 


x645E2000 L 


A27TEO2 
A90000 


F8 


2000D0 L 
80FE L 


0 Kees e dene Meee cleee chee SOURCE STATEMENT. . 6.8.06 0Ko 0s Bees Ke oe elec esKe ee cdeeceKe os cdeecekene 


-PAGE MAIN ROUTINE’ 


; Main routine 

; was asanasan avasasiwanaasasenevasssanenasaritanaranes arasevenasanenasaseneraten ween eee 
; 

> SSS SSS SSS SSSe SSS SS SSS SSL SSS SST SSS SSeS seas 

? Initialization routine 

; pe ns a oer ca Stee Septal Oooo an ancl GE ou Gaetan Hes UE ANNS steer MELON oe Seo ot ee eee aoe een eee een os 

; 

; (a> 0 8 Om Om 2 tae Oem OO Oe Ome we Onn exe WU ED ED ED OD OD aD GD Om OD Gm Ot em OD OD Ep OD Oe on 

; Assembler declarations 


9 

> These are assembler declarations. 
> Flags and registers used 

> in the program must match 

> these declarations. 

? 


«SECTION PROGRAM 

-ORG OCOO0H 

-DATA 16 

- INDEX 16 

-DP 0000H 

DT OOH 
; oe Pe eee Cena ne RBs SBE e Bee ee Seen eneeee 
; Initialize registers and flags 
; tae 0 0 mr ee Ome eae Ob Gm ms Se ow Uae aes np Oa ene Os ow Oe ow me os Gen om tee On 
INITIAL: 

SEI 

CLP m,X,D 

LDX #027FH 

TXS 

LDA A, #0 

TAD 

LDT #0 


LDM #0020H, PMR 


? Clear RAM 
; Soar ann anm avn edna cen nosan annonce 
LDX #027EH 
LDA A, #0 
RAM_CLR: 
STA A,0,X 
DEX 
DEX 
CPX #07EH 
BNE RAM_CLR 


we we 


Change register model 
(if necessary) 


~wewe we 


DATA 8 
SEM 
JSR SUB_T1_1 


E_LOOP: BRA E_LOOP 


e 
ed 


° 
3 


> Section name 


Start address 

Data length 

Index register length 
Direct page 

Data bank 


Disable interrupt 
Set data and index register length 16 bits 
Binary operation mode 


Stack pointer=Highest address of RAM 
Direct page=0H to FFH 
Data bank=Bank 0 


Interrupt priority detection time=2¢ cycles 
Single-chip mode 


Set initial value (OH) in accumulator A 


Write content of accumulator A to specified 
RAM in 16-bit unit 


Data length 
Data length 8 bits 


APPLICATION 


7.3 Program examples 





7.3.3 Timer modes setting examples 
(1) Timer A................000.. )imer mode 


SEQ. 


327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
868 
369 
370 


LOC. OBJ. 


00D000 
OOD000 E224 


00D002 «144001 
O0D005 «645600 


0oD008 D8 
QOD009 *6446CF07 


OODOOD F8 
QODOOE *647507 


00D011 *044001 
OOD014 58 


OOD0I5 60 ° 


00D016 


QOD016 F8 
00D017 «144001 
QODO1A «645604 


0OD01D D8 
OODOIE *6446CF07 
00D022 F8 


00D023 *647500 
00D026 «044001 


00D023 60 


— 


cc 


L 


L 
L 


Crt 


ee ee ee ee ee ee ee ee ee oe ee oe ee ee ee ee Se ee ee ee 


wveleeeeMese SOURCE STATEMENT 6 6:cSs00sBecesBesecBee vc LeovdResccGeeecMecwcdeusseMece 


Timer setting example 1 = 
{Timer A: Timer mode] = 


H When there is no pulse output = 
WenesUusnencdeuueaeen se Jesecoeunesseaesss 
; Timer sTimer AO 
> Mode sTimer mode 
; Pulse output :Disabled 
; Gate function ‘Disabled 
: Count source sf(XIN)/2 
9 
SUB_T1_1: 
-DATA 8 
SEP n, I Data length 8 bits, disable interrupt 


CLB #00000001B,TABSR 
LDM #00000000B, TAOMR 


Stop TAO count 
Timer mode, disable pulse output and gate function 
Count source=f(XIN)/2 


wewewewe 


DATA 16 

CLM > Data length 16 bits 
LDM #2000-1,TAO > Set counter value 
-DATA 8 

SEM Data length 8 bits 


LDM #00000111B,TAOIC Clear TAO interrupt request bit 
Enable TAO interrupt (level 7) 
Start TAO count 


Enable interrupt 


SEB #00000001B, TABSR 
CLI 


wewewe we we 


> Hereafter, interrupt request occurs after each timer AO overflows. 


wewe we 


RTS 

’ See wae REDE ORD Danan mos sama anaaanae 

, When there is pulse output = 

pieeGs scp edececcsasseetencheob=messaeaues 

> Timer :Timer AO 

> Mode :Timer mode 

; Pulse output ‘Enabled 

> Gate function :Disabled 

; Count source :f(XIN)/2 

SUB_T1_2 
DATA 8 
SEM > Data length 8 bits 
CLB #00000001B,TABSR > stop TAO count 
LDM $00000100B, TAOMR > Timer mode, enable pulse output, disable gate function 

; Count source=f (XIN)/2 

-DATA 16 
CLM > Data length 16 bits 
LDM #2000-1, TAO > Set counter value 
-DATA 8 
SEM > Data length 8 bits 


LDM #00000000B , TAOIC 
SEB #00000001B, TABSR 


Disable TAO interrupt 
Start TAO count 


ewe 


Hereafter, the phase of output pulse inverts every time timer AO overflows. 


RTS 


wewe 
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(2) Timer A .u..csecsecesssceseee 


226 


SEQ. 


391 
892 
393 
394 
395 
896 
397 
3898 
339 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 
417 
418 
419 
420 
421 
422 
423 
424 
425 
426 


LOC. OBJ. 


OOD02A 

OOD02ZA E224 
00D02C *140D08 
OODO2F «144002 
00D082 %*645701 
OOD035 «144402 


00D038 D8 
00D039 *64486300 


OOD03D F8 
OODO8E *647603 


00D041 *044002 
00D044 58 


00D045 60 


ee on en ee ee ee 


ee ne ee 


...EVvent counter mode 


eee eves cl vec Becese ee o®ee «SOURCE. STATEMENT 66:0:05 05.804 0BecceBoecs LesssRes ec Oesseke ss Gece ekecs 
«PAGE 

, 

> =Seas eaeas oes ous oom eumane cance mmo emreae enn see event aureus eveton saa woe ext sorams| capes camemn aavaee ous ean que ast que cas aas Gow eeD enreay aay Sanaa 

> Timer setting example 2 = 

; (Timer A: Event counter mode] = 

| Sememesesesssesessssrsssnass nesnessnssesssssssse 

? 

? Timer :Timer Al 

? Mode :Event counter mode 

; Pulse output ‘Disabled 

H Count phase >Fall 

; Up/down switch :Content of up/down flag 

SUB_T2: 
-DATA 8 
SEP m,1 Data length 8 bits, disable interrupt 


CLB #00001000B ,P5D 
CLB #00000010B, TABSR 
LDM #00000001B,TAIMR 


CLB #00000010B, UDF 
-DATA 16 

CLM 

LDM #100-1,TAI 

DATA 8 

SEM 

LDM #00000011B,TALIC 


SEB #00000010B, TABSR 
CLI 


wewe we 


RTS 


wewe 


wewe we woe we we 


we 


wewe We we We 


Set P58/TALIN pin to input mode 

Stop TAI count 

Event counter mode, disable pulse output 
Select falling edge count and up/down flag 
Set to decrement count 


Data length 16 bits 
Set counter value 


Data length 8 bits 

Clear TAl interrupt request bit 
Enable TAl interrupt (level 3) 
Start TAl count 

Enable interrupt 


> Hereafter, an interrupt request occurs at every 100 count. 
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(3) Timer A ........seeeeee DWO Phase pulse processing function 


SEQ. 


427 


44} 
442 
443 
444 
445 
446 
447 
448 
449 
450 
451 
452 
453 
454 
455 
456 


LOC. OBJ. 


00D046 


OOD046 F8 

00D047 *140D30 
QODO4A «144004 
0OD04D 645811 
QOD050 *644420 


00D053 D8 
00D054 *644A0080 


00D058 + F8 


00D059 %647700 
OODOSC *044004 


OODOSF &0 


vein Baie o's LviecigMainigc e's soe ws SOURCE. STATEMENT «5 6:55 '5:s'cRarec eB vnc eBeicee bei o Messe Oe vieeRs vnsdowen Ke c's 


Timer setting example 3 


[Timer A: Two phase pulse processing function] 


we 


Timer :Timer A2 


Mode -Event counter mode 
{two phase pulse signal processing function) 


DATA 8 

SEM 

CLB #00110000B, P5D 
CLB #00000100B, TABSR 
LDM #00010001B,TA2MR 
LDM #00100000B, UDF 
-DATA 16 


CLM 

LDM #8000H , TAZ 
-DATA 8 

SEM 


LDM #00000000B, TA2ZIC 
SEB #00000100B, TABSR 


wewewewe we 


we wewe 


ewe 


> 


Data length 8 bits 

Set P54/TA20UT, P55/TA2IN pin to input mode 

Stop TA2 count 

Event counter mode 

Select two phase pulse signal processing function 


Data length 16 bits 
Set counter value 


Data length 8 bits 
Disable TA2 interrupt 
Start TA2 count 


XX Hereafter, count is performed with input signals to TA2Z0UT and TAQIN pins. 


RTS 
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7.3 Program examples 





(4) Timer A........sseeeeON-ShOt pulse mode 


SEQ. LOC. OBJ. ate Bowie Looe eRee este oc eBee's e SOURLE STALEMENT 0050000 00Ry ocOewacBicse leseeBexcsOeee eRe wecdeesek ets 
457 l «PAGE 

458 1; 

459 1 jDSa sansa aaa saeco neweasaaaas SaaS sSaSseaasaaasass 

460 1; Timer setting example 4 = 

461 1; [Timer A: One-shot pulse mode] = 

462 1 9 SeSSSSSSSSsSssSssssssSSSsssSSsssHSssSsSRSsTT=z== 

468 1; 

464 | Tastatatatateteatatatataiatetetatetatatatatatatataiatatetatetatetedetetetatatatetel 

465 1; When internal trigger is selected = 

466 | UP Sotetetetatatatetntatatetatatatahaatatatatatetanetatatetatatatetatatatatatatatatata! 

467 1; Timer :Timer AS 

468 1; Mode :One~shot pulse mode 

469 1; Start trigger ‘QOne-shot start flag 

470 1 ; (Software trigger) 

471 1; Count source ‘f(XIN)/2 

472 1; 

473 OODO60 1 SUB_T4_1: 

474 1 -DATA 8 

475 QODO60 F8 1 SEM > Data length 8 bits 
476 OODO61 «144008 Ll CLB #00001000B, TABSR > Stop TAS count 

477 O0D064 «645906 Ll LDM #00000110B,TASMR > One-shot pulse mode, software trigger 
478 1 ; Count source=f(XIN)/2 
479 l DATA 16 

480 O0D067 D8 1 CLM > Data length 16 bits 
481 OODO68 *644CD007 Li LDM #2000, TA3 ; Set counter value 

482 ] -DATA 8 

488 OODOBC F8 1 SEM > Data length 8 bits 
484 OODO6D x647800 Ll LDM #00000000B , TASIC > Disable TAS interrupt 
485 O0D070 «044008 Ll SEB #00001000B , TABSR > Enable TA3 count 

486 00D073 x644208 Ll LDM #00001000B,0NSF ; Generate TA3 one-shot trigger 
487 1; 

488 1; % Generate one-shot pulse 

489 1; 

490 OODO76 60 l RTS 

491 1; 

492 1; 

493 | stetetatatetetatetataanatetatetaetatateeatatatsiadatedatentataaeaetateiaies 

494 1; When external trigger is selected = 

495 | Stata eatadettatacetatatatatatetatetaatenenetatatntatetatatetahaeatatetatanes 

496 1; Timer sTimer A3 

497 1; Mode :One-shot pulse mode 

498 1; Start trigger ‘Falling edge of TASIN 

499 1; (Hardware trigger) 

500 t Count source ‘:f(XIN)/2 

501 1; 

502 00D077 1 SUB_T4_2: 

503 1 -DATA 8 

504 OOD077 F8 1 SEM > Data length 8 bits 
505 O00D078 *140D80 Ll CLB #10000000B,P5D > Set P57/TASIN pin to input mode 
506 OODO7B x144008 Ll CLB #00001000B, TABSR > Stop TAS count 

507 OODO7E *645916 Ll LDM #00010110B,TA3MR > One-shot pulse mode, external trigger 
508 1 ; Count source=f(XIN/2) 
509 1 DATA 16 

510 OOD081 D8 1 CLM > Data length 16 bits 
511 O0D082 *644CD007 Ll LDM #2000, TAS > Set counter value 

512 1 -DATA 8 

518 O0D086 F8 1 SEM > Data length 8 bits 
514 00D087 «647800 Ll LDM #00000000B, TA3IC > Disable TA3 interrupt 
515 OODO8A *044008 Ll SEB #00001000B,TABSR > Enable TAS count 

516 1; 

517 1; * Generate one-shot pulse at falling edge input to TASIN pin 
518 1; 

519 OODO8D 60 l RTS 

520 1; 

521 1; - 
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(5) Timer A qu... cssssscccsseeeeees PWM mode 


SEQ. 


522 
523 
524 
525 
526 
527 
528 
929 
580 
531 
532 
533 
534 
535 
536 
537 
538 
539 
540 
O41 
542 
543 


LOC. OBJ. 


OODO8E 


QODO8E F8 
OODO8F *144010 
00D092 *645A07 


00D09S D8 
QODO96 *644ED007 


QODOSA F8 
OOD0SB «647900 
OODOSE «044010 


OODOA1 60 


OODOA2 


QODOAZ F8 
OODOAS «144010 
OODOAB *645A27 


QODOAS *644EC7 
QODOAC *644F0A 
QODOAF *x647900 
QODOB2 x044010 


QOODOBS 60 


—c 


en etl cee cll el coe ee ce ee oe ee ee ce ee ee cee ce ce ce coe ce ee ce cee ee ce ce cee ee ee ee ce ee eee ee ee ee oe cee ee ee ee ee 


Sa aed 


oo 
— — 


tt o 
— — — = 


pee fee eet eet 


ce eBecc ede c Rec ccdiecesKeo es SOURCE STATEMENT... 5.00 0Kecs Bec eecc obese cKesecGoecckecsedeecekone 


/ 


; Timer setting example 5 = 
; [Timer A: P¥M mode] = 


> Timer sTimer A4 

> Mode :PKM mode 

> Start trigger :Count start flag 

; (Software trigger) 
’ PHM mode :16-bit PHM mode 

; Count source :f(XIN)/2 

9 

S 


UB_TS_1: 
-DATA 8 
SEM 
CLB #00010000B, TABSR 
LDM #00000111B,TA4MR 


Data length 8 bits 

Stop TA4 count 

16-bit PHM mode, software trigger 
Count source=f(XIN)/2 


weweweoewe 


DATA 16 
CLM > Data length 16 bits 
LDM #2000, TA4 > Set counter value (output “H” pulse width) 
-DATA 8 
SEM > Data length 8 bits 
LDM #00000000B, TA4IC > Disable TA4 interrupt 
SEB #00010000B, TABSR > Start PHM output 

9 

> > Generate pulse 

3 \ 
RTS 

’ 

’ 

; Oe wwe OOOO OW BOOSH SESBSeDae Bananaman me 

’ 8-bit PHM = 

? Timer sTimer A4 

? Mode >PHM mode 

; Start trigger -:Count start flag 

; (Software trigger) 

’ PHM mode -8-bit PHM mode 

; Count source :f(XIN)/2 

t] 

SUB_T5_2: 
-DATA 8 
SEM Data length 8 bits 


CLB #00010000B, TABSR 
LDM #00100111B,TA4MR 


Stop TA4 count 

8-bit PHM mode, software trigger 

Count source=f(XIN)/2 

Set prescaler value 

Set counter value (output “H” pulse width) 
Disable TA4 interrupt 

Start PHM output 


LDM #200-1,TA4L 

LDM #10,TA4H 

LDM #00000000B, TA4IC 
SEB #00010000B, TABSR 


wewe wewewe WOewe We 


x Generate pulse 


wewe we 


RTS 


we we 
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(6) TIME? Bo ceccvcsiseccsccecssns 


230 


SEQ. 


583 
584 
585 
586 
587 
588 
589 
590 
591 
592 
593 
594 
595 
596 
597 
598 
599 
600 
601 
602 
603 
604 
605 
606 
607 
608 
603 
610 


LOC. OBJ. 


OODOBE 

OODOBE F8 
OODOB7 «141040 
OODOBA «144040 
OODOBD *645C82 
OODOCO *647B00 


OODOC3 «044040 
0ODOCE 
OODOCE *347B08FC 


QODOCA D8 
QODOCB xA552 


OODOCD F8 


QODOCE 60 


..Pulse period measurement mode 


ce Ke ceed eee eKe cc cde ee eKees eo SOURCE STATEMENT... ..5.4..Ks 00 cBeee 
PAGE 

’ 

> Timer setting example 6 7 

; [Timer B: Pulse period measurement mode] = 

> joes anes an acuw an ocanenanasenan ssanarcnanacanani=)enam ava a=aecnim ana qwan =v anancuenawane=amtem ean en 
Timer :Timer Bl 
Mode ‘Pulse period measurement mode 


(between falling edge and falling edge) 
Count source :f(XIN)/64 


UB_T6: 
DATA 8 
SEM > Data length 8 bits 
CLB #01000000B,P6D > Set P66/TBIIN pin to i 
CLB #01000000B, TABSR > Stop TB1 count 
LDM #10000010B,TBIMR > Pulse period measureme 
> Count source=f(XIN)/64 
LDM #00000000B,TB1IC > Clear TBI interrupt re 
> Disable TB1 interrupt 
SEB #01000000B, TABSR > Start TB1 count 
L1_T6: 
BBC #00001000B,TB1IC,L1_T6 ; TB1 interrupt request 
DATA 16 
CLM > Data length 16 bits 
LDA A,TBl > Read out measurement r 
-DATA 8 
SEM > Data length 8 bits 


Note: TB1 overflow period is assumed to be sufficiently 
than measured pulse period. 


wewe woe we 


RTS 


Mie oS sc RB os BRS 


nput mode 
nt mode 


quest bit 


bit= “1”? 


esult in accumulator A 


longer 
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7.3 Program examples 





(7) Timer B ...........s000000..PUlSe Width Measurement mode 


SEQ. 


617 
618 
619 
620 
621 
622 
623 
624 
625 
626 
627 
628 
629 
630 
631 
632 
633 
634 
635 
636 
637 
638 
639 
640 
641 
642 
643 
644 
645 
646 
647 
648 
649 
650 
651 
652 
653 
654 
655 
656 


LOC. OBJ. 


OODOCF 


OODOCF F8 

OODODO *141080 
OODODS «144080 
OODODE *645D8A 


OODODS *647C00 


OODODC *044080 
OODODF 

QODODF *240E80FC 
OODOES 

QODOES x840E80FC 
QODOE7 *147C08 
OODOEA 

QODOEA *3847CO8FC 
QODOEE *147C08 


QODOF1 D8 
QODOF2 *A554 


OODOF4 F8 


QODOFS 60 


— peepee pee pee 


— 


ee ee ee ee ee ee 


L 


UB_T7: 


vvbosc'eBeieicisdee's'e Review DOURCE. STATEMENT 55:90 8s 6ic-0Ben es BeveeReric al veeeMeecoSuesaRs ey eDesiecKevs 


Timer setting example 7 
[Timer B: Pulse width measurement mode] 


Timer sTimer B2 
Mode :Pulse with measurement mode 
Count source :f(XIN)/64 


* This program is a TB2IN input signal “1” level measurement example. 
The TB2 overflow period is assumed to be sufficiently longer than 
measured pulse width. 


-DATA 8 

SEM 

CLB #10000000B,P6D 
CLB #10000000B, TABSR 
LDM #10001010B,TB2MR 


Data length 8 bits 

Set P67/TB2IN pin to input mode 
Stop TB2 count 

Pulse width measurement mode 
Count source=f(XIN)/64 

Clear TB2 interrupt request bit 
Disable TB2 interrupt 

Enable TB2 count 


LDM #00000000B, TB2IC 


wewe we we ws we wo we 


SEB #10000000B, TABSR 
BBS #10000000B,P6 ,L1_T7 > TB2IN= “L” ? 


BBC #10000000B, P6 ,L2_T7 > TB2IN= “H” ? 


CLB #00001000B, TB2IC > Clear interrupt request bit 
BBC #00001000B,TB2IC,L3_T7 ; Interrupt request bit= “1” ? 
CLB #00001000B, TB2IC > Clear interrupt request bit 
-DATA 16 

CLM > Data length 16 bits 


LDA A, TB2 > Read measurement result 
-—DATA 8 

SEM > Data length 8 bits 

RTS 
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7.3 Program examples 





7.3.4 Serial 1/O modes setting examples 
(1) 8-bit UART ...................1 byte receive 


Kee eden Kee cle ee Meee sQOURCE STATEMENT. ...5..0 Meee cBe ee eKevecdece eRe ee cdeveeMe ve cdereokeve 


SEQ. 


LOC. OBJ. 


000800 


00D800 F8 
OOD801 «141440 
00D804 *643805 


00D807 *643C04 


OOD80A *643919 
OOD80D x643D04 


00D810 

00D810 x843D08FC 
00D814 *3848D8003 
00D818 20BAD8 
00D81B 

00D81B xASSE 
OOD81D *143D04 
00D820 60 


we 


wewmwew 


— 
~~ 


ee dh eh 


IL 


Serial I/0 setting example 1 = 
(8-bit UART (1 byte receive)] = 


Channel >UART1 

Mode 28-bit UART 

Stop bit length °1 bit 

Parity :None 

Clock ‘Internal (9600bps) 


Sleep function ‘Disabled 


8-bit UART (1 byte receive) programming model 


M37702 
$onnenn- + 
| | 
DATA Pe2= hese >! RxD] | 
| | 
€eennnn nee 1 RTS1 | 
| | 
+------- + 
g600bps 
UB_S1: 
DATA 8 
SEM 


CLB #01000000B,P8D 
LDM #00000101B,S1MR 


LDM #00000100B,S1CL 


LDM #25, SIBRG 
LDM #00000100B,S1CH 


wewewewe we we we we 


Data length 8 bits 

Set P86/RXD1 pin to input mode 

8-bit UART, internal clock, 1 stop bit 
No parity, disable sleep mode 

BRG count source=f(XIN)/2 

Select RTS function 

Set value in BRG (at 9615bps: 8MHz) 
Enable receive 


x Receive starts when RTS output becomes “L” level to enable receive 


and a start bit is detected. 


1_S1: 
BBC #00001000B,S1CH,L1_S1 


Receive complete (receive completion flag= “1” >? 


BBC #10000000B,SICH,L2_S1 3; Check error (error sum flag) 


JSR SUB_ERRO 


2S]: 
LDA A;S1RB > Read receive buffer 
CLB #00000100B,S1CH > Disable receive 
RTS 
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> Jump to UART receive error processing routine 
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(2) 8-bit UART 


SEQ. 


720 
721 
122 
123 
724 
729 
726 
T27 
728 
729 
730 
731 
132 
733 
784 
735 
136 
137 
738 
739 
740 
741 
742 
743 
744 
745 
746 
747 
748 
749 
750 
71 
152 
753 
754 
755 
756 
187 
158 
159 


LOC. OBJ. 


00D821 


QOD821 F8 
00D822 «141401 
00D825 *643005 


00D828 %*643400 


00D82B *643119 
OOD82E «643501 
00D831 *A582 
00D833 *8532 
00D885 «143501 
00D838 60 


decbeeadueeas 1 byte transmit 
be caRees se Leese dec 2e54e8ia es SOURCE STATEMENT osc5 Oo soo Beees Oe oe Rs 6.41 eGeaReves Sous 
1 - PAGE 
1; 
1 ‘can sans eu’ ub cums > sus Guus uur coed es @uSGEn-gums eascoup-eams Cu ouD caus cuun GUD us ous’ us CENT sas Ou tumD emus goes aS us os UES AD om om a gus om em ets bun OND OR 
> Serial I/0 setting example 2 = 
; [8-bit VART (1 byte transmit) ] 
; qa ous = easeasor0 om cubes anu aap ane eunvsuus ameaseoas ms eas ums owg’ aus Ga Ea OED GIVER OED, GED GuD SEDGE auuous alm lbeunoUn sua ectheus upees om eae aememr 
Channel >UARTO 
Mode >8-bit UART 
Stop bit length °1 bit 
Parity sNone 
Clock sInternal (9600bps) 


Sleep function ‘Disabled 


8-bit UART (1 byte transmit) programming model 


fa ee ne ee ne ee ee ee ee ee eS ee 








M37702 
ten------ + 
l 1 
1 TxDO 1---------- > DATA 
I 1 
| CTSO I<------ + 
I l \ 
| | -+- GND 
ten----- + 
9600bps 
UB_S2: 
DATA 8 
SEM > Data length 8 bits 
Li CLB #00000001B,P8D ; Set P80/CTSO pin to input mode 
Ll LDM #00000101B,SOMR > 8-bit UART, internal clock, 1 stop bit 
l > No parity, disable sleep mode 
Ll LDM #00000000B,SOCL > BRG count source=f(XIN)/2 
l > select CTS function 
Ll LDM #25,SOBRG ; Set value in BRG (at 9615bps; 8MHz) 
Li LDM #00000001B, SOCH > Enable transmit 
1 LDA A,T_DATA ; Read transmit data (T_DATA) 
Ll STA A,SOTB > Transmit data — transmission buffer 
Ll CLB #00000001B,SOCH > Disable transmit 
1 RTS 
1; 
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(3) 8-bit UART ...... sugveteestene n-byte transmit 
SEQ. LOC. OBJ. pe vekusek Pee Bucci tssos8 ss oe SOURCE: STATEMEN Fas 500 od Be oe Bea c Bcees Teaad snes vakeincdsdiakees 
760 l «PAGE 
761 1; 
762 1 § Seen eae eee aoe ae oo ae eee Soe ae Se see ae 
763 i Serial I/0 setting example 3 = 
764 ee [8-bit UART (n-byte transmit)] = 
765 ] j BESSSSTSSsasssassassSsssSsssSsasSsassSassssszs== 
766 1; Channel >UARTO 
767 1; Mode :8-bit UART 
768 1; Stop bit length :1 bit 
769 1; Parity :None 
770 E-3 Clock ‘Internal (9600bps) 
771 1; Sleep function -:Disabled 
772 1; 
773 i 8-bit UART (n-byte transmit) programming model 
774 1; M37702 
775 1; teneccen + 
776 i I I 
777 1; | TxD0 1------- > DATA 
778 | I 1 
779 L 1 J poe 
780 1; | CTSO I<------- RTS 
781 1; 1 i 
782 1; acini + 
783 1; 9600bps 
784 1; 
785 | Sostatetentacatetetatetatatatatatatatetatetatatatatanatatatatetederatatetetatatata 
786 1; Prepare transmit = 
787 | rrr ter rer r were cnr enn enn erm ecnwecwen 
788 1; 
789 00D839 1 SUB_S8 
790 1 -DATA 8 
791 l -INDEX 8 
792 00D889 E230 l SEP MX > Data length, index register length 8 bits 
793 OOD88B *141401 Ll CLB #00000001B,P8D > Set P80/CTSO pin to input mode 
794 OOD88E *648005 Ll LDM #00000101B,SOMR > 8-bit UART, internal clock, 1 stop bit 
795 l ; No parity, disable sleep mode 
796 00D841 *643400 Ll LDM #00000000B,SOCL > BRG count source=f(XIN)/2 
797 l > Select RTS function 
798 O00D844 *643119 Ll LDM #25,S0BRG > Set value in BRG (at 9615bps; 8MHz) 
799 00D847 *643501 Ll LDM #00000001B,SOCH > Enable transmit 
800 1; 
801 CP Sate aletetattetadeatateiatatatatatatetetatatatatenatatatataiatatatatateararn 
802 1; Operate transmit = 
803 | preemre nr ern n nnn cnn nnn nce rn cone neeernn= 
804 1; 
805 O00D84A A200 1 LDX #0 , 
806 O0D84C 1 L1_S8: 
807 O0D84C *B582 1 LDA A,T_DATA,X > Read transmit data 
808 OOD84E *8582 Ll STA A,SOTB > Transmit data — transmission buffer 
809 00D850 1 L2_S8 
810 O0D850 *843502FC Li BBC #00000010B,SOCH,L2_S8 5 Transmission buffer empty flag= “1” ? 
811 O0OD854 E8 l INX 
812 O0D855 *E£480 | CPX DAT_CNT ; Compare with transfer data count (DAT_CNT) 
813 00D857 DOF3 Ll BNE L1_S8 > Continue data transmit? 
814 | ae 
815 | Salata atetatetattatatatatetetatatatateatatateatatatetateetatatatetateetale 
816 1; Complete transmit = 
817 [caer see seeaessseacaeseaseces Se eke snes 
818 1; 
819 OOD859 *148501 Ll CLB #00000001B,S0CH > Disable transmit 
820 1; 
821 OOD85C 60 1 RTS 
822 1; 
823 1; 
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(4) Clock synchronous....1 byte receive 


SEQ. 


824 
825 
826 
827 
828 
829 
830 
831 
832 
883 
834 
835 
836 
837 
838 
839 
840 
841 
842 
843 
844 
845 
846 
847 
848 
849 
850 
851 


LOC. OBJ. 


OOD85D 


QOD85D F8 

OOD85E «141460 
OOD861 «643809 
O0D864 *643C04 
O0D867 *643A55 


OOD86A *643D05 


OOD8ED 

OOD8ED *343D08FC 
00D871 *8438D10038 
00D875 20C1D8 
00D878 

0OD878 *ASSE 
OOD87A *143D05 


00D87D 60 


UB_S4: 


— 
we we woe we 


[UM we we woe we 


1_S4: 


eevee ea ¥eseic SOURCE STATEMENT 30:53 00 00 Ri cis Bes ce Beses ede Busine Gee's Bs cesK cece Beas 


Serial I/0 setting example 4 = 
[Clock synchronous (1 byte receive)] = 


Channel > UART1 

Mode :Clock synchronous 

Clock -External 

Clock synchronous (1 byte receive) programming model 

M37702 

teo------ + 

1! RxD1l I<------- 

1 | 

1 CLKI I<------- CLOCK 

‘er oe 

| RTS1 1------- > CTS 

\ \ 

+oo----- + 

-DATA 8 

SEM > Data length 8 bits 

CLB #01100000B, P8D ; Set P86/RXD1, P85/CLK1 input to input mode 
LDM #00001001B,S1MR > Select clock synchronous, external clock 
LDM #00000100B,S1CL > Select RTS function 

LDM #55H,S1TB > Set transmit dummy set 


> With clock synchronous serial I/0, the transmitter must be operating 
even if only receive is performed. 


LDM #00000101B,S1CH > Enable receive and transmit 


>< Hereafter, receive operation starts when synchronous clock 
is input to CLK1 pin. 








BBC #00001000B,S1CH,L1_S4 
BBC #00010000B,S1CH,L2_S4 
JSR SUB_ERR1 


LDA A,SIRB 
CLB #00000101B,S1CH 


RTS 


> Receive completion flag= “1” ? 
> Overrun error? 
> Jump to clock synchronous error processing routine 


> Read received result 
> Disable receive and transmit 


235 





APPLICATION 


7.3 Program examples 





(5) Clock synchronous....1 byte transmit 


SEQ. 


872 
873 
874 
875 
876 
877 
878 
879 
880 
881 
882 
883 


908 
909 


LOC. OBJ. 


00D87E 


OOD87E F8 

OOD87F «141401 
0OD882 *643001 
00D885 *643400 


0OD888 *643100 
OOD88B *643501 
OOD88E *A582 
00D880 «85382 
00D892 *143501 


00D895 60 


00 eKe eee d eee eRe sc cteees Kee sQOURCE STATEMENT. ...5.05 Bere BerccBovesloceeMocccBeeeoBevvedenreKene 


ps 
~~ 


ei et ce ec cee oe oe el ce oe ee ce ee oe ee ee ee ced 


UB_S5S: 


Serial I/0 setting example 5 
[Clock synchronous (1 byte transmit)] 


Channel -UARTO 

Mode *Clock synchronous 

Clock >Internal (2Mbps) 

Clock synchronous (1 byte transmit) programming model 
M37702 

teececn- + 

{ J 

!| TxDO 1------- > DATA 

! I 

1 CLKO I------- > CLOCK(2Mbps) 

fi? ose etd 

1 CTSO I<------ + 

i i I 

! l -+- GND 

teoc---- + 

-—DATA 8 

SEM Data length 8 bits 


CLB #00000001B,P8D 
LDM #00000001B,SOMR 
LDM #00000000B,S0CL 


Set P80/CTSO pin to input port 

Clock synchronous, internal clock 
BRG count source=f(XIN)/2 

Select CTS function 

Set value in BRG (at 2Mbps; 8MHz) 
Enable transmit 

Read transmit data (T_DATA) 
Transmit data — transmission buffer 
Disable transmit 


LDM #0, SOBRG 

LDM #00000001B,SOCH 
LDA A,T_DATA 

STA A,SOTB 

CLB #00000001B,SOCH 


we we we We WS WO We We we we 


RTS 
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(6) Clock synchronous....n-byte transmit 


SEQ. 


910 
$11 
912 
913 
914 
915 
916 
317 
918 
919 
920 
921 
922 
923 
924 
925 
926 
927 
928 
929 
930 
931 
932 
933 
934 
935 
936 
937 
938 
939 
340 
941 
942 
943 
944 
945 
946 


LOC. OBJ. 


00D896 


0OD886 E230 

OOD898 *141401 
OOD89B *643001 
OOD8SE «643400 


OOD8A1 *643100 
OOD8A4 *643501 


OOD8A7 A200 
OOD8AS 

QOD8AS *B582 
OOD8AB «85382 
OOD8AD 

OOD8AD *3843502FC 
OOD8B1 E8 
OOD8B2 «E480 
QOD8B4 DOF 


OOD8B6 *143501 


OOD8B9 60 


— 


ee ne ne ne ee ee ee ee 


c 


| ms 
ee 


L 


L 


Pee rer 


o1 Kone cD ee Kee ee SOURCE STATEMENT. £0.65... Kee eBe ee Kove eloceekeee 


SUB_S6: 


Serial 1/0 setting example 6 


[Clock synchronous (n-byte transmit)] = 


Channel > UARTO 
Mode sClock synchronous 
Clock ‘Internal (2Mbps) 


Clock synchronous (n-byte transmit) programming model 


M37702 

te------ + 

1! TxD0 I------- > DATA 

J ! 

1 CLKO !------- > CLOCK(2Mbps) 
| ree | ee 

| CTSO 1<------- RTS 

l | 

$o------ + 


-DATA 8 

-INDEX 8 

SEP X,m 

CLB #00000001B,P8D 
LDM #00000001B,SOMR 
LDM #00000000B, SOCL 
LDM #0,SOBRG 

LDM #00000001B,SOCH 


LDX #0 

LDA A, T_DATA,% 

STA A, SOTB 

BBC #00000010B ,SOCH, L2_S6 
INX 

CPX DAT_CNT 

BNE L1_S6 


CLB #00000001B,SOCH 


RTS 


Data length, index register length 8 bits 
Set P80/CTSO pin to input mode 

Clock synchronous, internal clock 

BRG count source=f(XIN)/2 

select CTS function 

Set value in BRG (at 2Mbps; 8MHz) 

Enable transmit 


See 2 28 2 Oe See eB SOB SSBF e828 Se Sele Se wseen eee ece= 


> Read transmit data 
> Transmit data — transmission buffer 


; Transmission buffer empty? 


> Compare with trasfer data count (DAT_CNT) 
> Continue data transmit? 


> Disable transmit 


237 











APPLICATION 


7.3 Program examples 





(7) Error processing 
SEQ. LOC. OBJ. dein Mpa oS aeR yeep yok: sea SOURCE: STATEMENT 15.0 G0) f.8ccvsDuccR ena. | vanehioesOencehesceOceseR cet 


968 1 «PAGE 

969 1; 

970 |. SSeseae aaa eae ae a ee eee Ree eee at aeeeeee 
$71 1; Serial 1/0 setting example 7 = 
972 1; [Error processing] = 
978 |). (eeeeenaeoesasnaeesooet aaa e aa ee eae 
974 1; 

975 

976 

977 

978 

979 OOD8BA 

880 

981 

982 

983 

984 

985 

986 OOD8BA *143D04 L 
987 

988 OOD8BD *0438D04 L 
989 O0D8CO 60 

990 

991 

992 

993 

994 

995 O00D8C1 

996 

997 

998 

999 

1000 

1001 OOD8C1 *143D04 
1002 

1003 OOD8C4 *043D04 L 
1004 

1005 OO0D8C7 60 

1006 


— 
~~ 


Uwe 


UB_ERRO: 
Check error type (overrun, framing, parity) 


Each error processing 


wewewewe we we 


CLB #00000100B,S1CH > Disable receive 

; (Clear error flag) 
SEB #00000100B,S1CH > Enable receive 
RTS 


ne ne ee ee ee ee ee) 
e 


— 
wewe we 


we 


CW we 


UB_ERR1: 


Overrun error processing 


wewe we wew 
eoee e e 


ee eee | 


CLB #00000100B,S1CH > Disable receive 
; (Clear error flag) 
> 


SEB #00000100B,S1CH Enable receive 


e 


RTS 
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7.3.5 A-D conversion modes setting examples 


(1) One-shot mode 


SEQ. 


1018 
1019 
1020 
1021 
1022 
1023 
1024 
1025 
1026 
1027 
1028 
1025 
1030 
1031 
1082 
1083 
1034 
1035 
1036 
1037 
1038 


LOC. OBJ. 


00E000 


QOEO00 F8 
QOEOO1 «141101 
QOEO04 ¥*641E80 


QOEO07 ¥*647000 
QOOEOOA *041E40 
OOEOOD 

QOEOOD *x347008FC 
QOEO11 *147008 
QOEO14 *A520 
QOOEO16 60 


UB_ADI: 


1 LADI: 


ps Leeints 


PAGE 


A-D conversion setiing example 1 
CA-D conversion (one-shot mode)] 


A-D conversion mode 


K.. 


Analog input pin ° ANO 


Start trigger 


A-D conversion frequency: f(XIN)/4 


-DATA 8 

SEM 

CLB #00000001B,P7D 

LDM #10000000B, ADCON 

LDM #00000000B, AD IC 

SEB #01000000B, ADCON 

BBC #00001000B,ADIC,L_AD1 
CLB #00001000B, ADIC 

LDA A, ADO 

RTS 


wewe wewe we 


wewe we 


.s2eeceMeee SOURCE STATEMENT. ...5.000%ececBeceKese Tees Mose sBeveeMesesSeeeeKece 


-One-shot mode 


‘Software trigger 


Data length 8 bits 

Set P70/ANO pin to input mode 

One-shot mode, software trigger, 

A-D conversion frequency =f(XIN)/4 

Clear A-D interrupt request bit, disable A-D interrupt 
Start A-D conversion 


A-D conversion complete (interrupt request bit= “1” )? 
Clear A-D interrupt request bit 
Read conversion result (A-D register 0) 
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(2) Repeat mode 


SEQ. 


1043 
1044 


LOC. OBJ. 


00E017 

QOEO17 F8 

00E018 «141102 L 
Q0EO1B *641E89 L 


QOEOIE *041E40 L 


00E021 60 


gee Recs Lice ce Bees s Ounce Reve e SOURCE: STATEMENT (555005. Becss Dees BMewas le o03BeusaO ove Reisen De vcoke vs 


- PAGE 

, 

; SS ean an aan ata ac awa awa awe aw awa 

> A-D conversion setting example 2 = 

; CA-D conversion (repeat mode)] = 

§ pamonnsssssssssssssssssssssssssssssssassss====== 

; A-D conversion mode ‘Repeat mode 

; Analog input pin ANI 

’ Start trigger ‘Software trigger 

; A-D conversion frequency :f(XIN)/4 

SUB_AD2: 
-DATA 8 
SEM > Data length 8 bits 
CLB #00000010B,P7D ; Set P71/AN1 Pin to input mode 
LDM #10001001B,ADCON > Repeat mode, software trigger, 

A-D conversion frequency =f(XIN)/4 

SEB #01000000B, ADCON > Start A-D conversion 


x After time equal to A-D conversion interval (28.5 us; at 8MHz), the latest 
conversion result can be obtained by reading A-D register 1 at any timing. 


we we we we 


RTS 
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(3) Single sweep mode 


SEQ. LOC. OBJ. 


1067 
1068 
1069 
1070 


1078 O0E022 


1080 O0E022 F8 

1081 OOE023 *1411BF 
1082 OOK026 *641F02 
1083 O0E029 *641EB0 


1085 OQE02C «647000 
1086 OOEO2F *041E40 


1090 O0E032 
1091 O0E032 *347008FC 
1082 OOEO36 «147008 


1089 O0EO3S 60 


ea Rene elec ee Bevin eeccches & SOURCE STATEMENT £4.42 0s wewB cons Os cee Be ews laceaBin ved MiesededoeKes 

1 -PAGE 

1; 

l ; oom ans anes ooseom quay bun oh eubeun asco eussavansoahommess eaweos ave camso=> aay oes cas ouramsemn aupeeeiamsenteus eoroas euveor amees amet an aera 

1 > A-D conversion setting example 3 = 

1; CA-D conversion (single sweep mode)] = 

1 ’ <n aan asa any eas eas an maw oaaD ay ou an eeu eas ganenDeataas aoe areas oe ane ees aa ae ane oman ane emeneenen enemas aeee 

1; A-D conversion mode :Single sweep mode 

1; Analog input pin > ANO-ANS 

1; Start trigger sExternal trigger 

Is A-D conversion frequency :f(XIN)/4 

1; 

1 SUB_AD3: 

l -DATA 8 

l SEM > Data length 8 bits 
Ll CLB #10111111B,P7D > Set ANO-ANS, ADTRG pins to input mode 
Li LDM #00000010B, ADSPS > Select ANO-AN5S pin for sweep 
Li LDM #10110000B, ADCON > Single sweep mode, external trigger, 

A-D conversion frequency =f(XIN)/4 

LI LDM #00000000B, ADIC > Clear A-D conversion request bit, disable A-D interrupt 
Li SEB #01000000B, ADCON > Enable A-D conversion 

1; 

1; XX A-D conversion starts at falling edge input to ADTRG pin. 

1; 

1 L_AD3: 
Ll BBC #00001000B,ADIC,L_AD8 ; Sweep complete (interrupt request bit= “1” )? 
Li CLB #00001000B, ADIC > Clear A-D interrupt request bit 

1; 

LS XX Conversion result can be obtained by reading A-D registers 0-5. 

1; Then, A-D conversion is resumed when falling edge is input to 

1; ADTRG pin. 

Ls Clear A-D conversion start flag to “1” if reconversion is no necessary. 

1; 

1 RTS 

1; 
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(4) Repeat sweep mode 


SEQ. 


1101 
1102 
1108 
1104 
1105 
1106 
1107 
1108 
1109 
1110 
1111 
1112 
1118 
1114 
1115 
1116 
1117 


1118 
1119 
1120 
1121 
1122 
1123 
1124 
1125 


LOC. OBJ. 


OOEOSA 

QOEO3A F8 
QOEO3B *641100 
QOEO3E %*641F03 
OOE041 *641E98 


QOE044 *041E40 


00E047 60 


ee ee ee 


wewe we we we 


00 Meee ede Bee ccle eee ee SOURCE STATEMENT... 18.00 Be0 eco ec eKece obec seKecesBeceeKeercDeceekeee 


A-D conversion setting example 4 = 
[A-D conversion (repeat sweep mode)] = 


A-D conversion mode -Repeat sweep mode 
Analog input pin > ANO-AN7 
Start trigger ssoftware trigger 
A-D conversion frequency :f(XIN)/4 
UB_AD4: 
-DATA 8 
SEM Data length 8 bits 


LDM #00H,P7D ; Set ANO-AN7 pins to input mode 

LDM #00000011B,ADSPS > Select ANO-AN7 pins for sweep 

LDM #10011000B, ADCON > Repeat sweep mode, internal trigger, 
A-D conversion frequency =f(XIN)/4 

SEB #01000000B, ADCON > Start A-D conversion 


x After the first A-D sweep (228 us; at 8MHz), the 
latest conversion result can be obtained by reading 
A-D registers 0-7 at any timing. 


RTS 
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7.3.6 Interrupt processing examples 
(1) Interrupt setting example 


SEQ. LOC. OBJ. Siv'eeReivee] ons eReseedee ake oes SOURCE SIATEMEN] coc 0 sees Bees Bias Reve obeys Bees eed coho veeGen sake os 
1183 1 «PAGE 

1184 1 9 PeDaSaSRSrsrsrssstsrSessssssssassrsssssssas=s=== 

1135 1; Interrupt setting example = 

11868 1 9 BSeSSPaSSsrSssSSSssslaSaSRASS SSSssssSsSsSs=Szaz=s=z= 

1187 1; 

1188 1; In order to execute an interrupt, the I flag 

1189 1; must be cleared within the main routine and 

1140 1; interrupt priority level must be set to level 1 

1141 1; or greater in each interrupt control register. 

1142 1; 

1143 OOE800 78 l SEI > The I flag is initialized to “1” after reset. 
1144 1; 

1145 1; 

1146 l -DATA 8 

1147 OOE801 F8 1 SEM 

1148 OOE802 «141008 LI CLB #00001000B,P6D > Set P63/INT1 pin to input mode 

1149 OQOE805 *647E02 Ll LDM #00000010B, INTLIC > Set INT! interrupt priority level to level 2 
1150 OOE808 58 | CLI > Enable interrupt 

1151 1; 

1152 1% % Hereafter, INT] interrupt request occurs with input signal to INT! pin. 
1153 1; 
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(2) Interrupt routine processing example............ When memory space is 64K bytes or less. 
SEQ. LOC. OBJ. eevee hedaeleaee Bsc eeaecde¥ sce SOURCE STATEMENT os ¥.c Oy 597. BecatsOewec Raves Le cawKs ecOenge Re tas deesekess 
1154 1 «PAGE 
1155 1; 

1156 1 > DEDSSAA ASA SNSRSTST SSS SaSAsHs SSSSSRSaSSSaSTaa=TE= 

1157 1; Interrupt routine processing example 1 = 

1158 1; When memory space is 64K bytes or less = 

1159 1; (When data bank need not be changed) = 

1160 1 ) DRSRAAS SSNS TASS SSRSSSSSTSSSSSSSSSSSSSSSSsSSSSST== 

1161 1; 

1162 OOE809 1 INTERRUPT_1: 

1168 OR Salata tadtataatatadetetatatatatatatatatatatatatatetatatatetatatantatatatenats 

1164 1; Store registers = 

1165 ] pert ere rere rennet ewes eweseee sna neennenan 

1166 1; 

1167 1 -DATA 16 > Register model declaration 
1168 1 . INDEX 16 

1169 O0OE809 C280 1 CLP m,X > Data length, index register length 16 bits 
1170 OOE80B EBOD l PSH X,Y,A > Store registers 

1171 1; 

1172 l ~DATA 8 ; Change register model 

11738 1 - INDEX 8 

1174 OOE80D E280 l SEP myX > Data length, index register length 8 bits 
1175 1; 

1176 1; : 

1177 | es Interrupt processing 

1178 1; : 

1179 1; 

1180 | ialattatatatetatatatetatatatatatatatatatatatatetatatehekatatetetateteetatatae 

1181 1; Restore registers = 

1182 BP altatatetattetatatete tat atatatatatatatetatatatatatetehatatetetatateearataied 

1188 1; 

1184 1 -DATA 16 > Change register mode 

1185 l . INDEX 16 

1186 OOE80F C230 l CLP m)X > Data length, index register length 16 bits 
1187 OOE811 FBOD | PUL X,Y,A ; Restore registers X, Y, A 

1188 1; 

1189 | preren er wen ene n nee e wn econ ene maces enereneneccnnnee 

1190 1; Return from interrupt processing routine = 

1191 | pre eter ern rere emer owen enn an en ew en nnnnnnewcennann 

1192 1 ; 

1198 O0E818 40 1 RTI > Return to processing before interrupt 
1194 1; 

1195 1; XX The PS, PG, and PC are restored automatically to their values 
1196 before the interrupt with the RTI instruction. 

1197 1; 
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(3) Interrupt routine processing example............ When memory space exceeds 64K bytes. 
SEQ. LOC. OBJ. ese aReee'el ecueMes see ee Boese OOURLE STATEMENT 64. Becer Be ccc Bias cRasas Pecan csOe se Rene oDe eee Res 
1198 l -PAGE 
1199 1; 

1200 1 j Berean SSeaasassSssasssssasas saSsSSsaSsasssaa==sa5 

1201 1; Interrupt routine processing example 2 = 

1202 lL When memory space exceeds 64K bytes = 

1208 1; (then data bank is changed) = 

1204 1 9 DeeSSBS SRS SsSSsSssBssssssasa SsassSsSsssnsss=sa=s= 

1205 1; 

1206 O0E814 1 INTERRUPT_2: ; 

1207 ) Ur atetetatetetetetatatetetetatatatetatetetatetatetateatatatetatatatatetatatate 

1208 1; Store registers = 

1209 TP eteteatatatetetatatatetanatatatadetatetatetalehetniatataieietatatatatatetaate 

1210 1; 

1211 l -DATA 16 > Register model declaration 

1212 l - INDEX 16 

1213 OOE814 (C280 l CLP m,X >; Data length, index register length 16 bits 
1214 OOE816 EBOD 1 PSH X,¥,A ; store registers 

1215 OOE818 8B l PHT ; store data bank register 

1216 l - DATA 8 » Change register model 

1217 l - INDEX 8 

1218 QOE819 E280 1 SEP m,X > Data length, index register length 8 bits 
1219 1 -DT 012H ; Declare data banks used for interrupt processing 
1220 OOE81B 89C212 1 LDT #012H > set data bank registers used for interrupt processing 
1221 1; 

1222 1; ; 

1223 1; : Interrupt processing 

1224 1; : 

1225 1; 

1226 | Sate tatetatetatetatatetetatatatatatatatatatatnetaiaiataieeatatatateaerate 

1227 1; Restore registers = 

1228 | UP Satatetatatatatatetatatetatatatatatatatatatatatetatatatetatetetatatatatetatatate 

1229 1; 

12380 QOE81E AB l PLT > Restore data bank registers 

1231 l «DATA 16 ; Change register model 

1232 l . INDEX 16 

12383 OOE81F C230 l CLP m,X ; Data length, index register length 16 bits 
1284 QOE821 FBOD l PUL X,Y,A > Restore registers X, Y, A 

1235 1; 

1286 |] pert rr e tent ee reese en en enon enn crn enencenenensncesan 

1237 1; Return from interrupt processing routine = 

1288 | UP etestetetetatetetetatetetetatahatetatetanatatanatatatatasetatatatatatatateatatatetatataatatae 

1289 1; 

1240 OOE8238 40 | RTI > Return to processing before interrupt 
1241 1; 

1242 1 % The PS, PG, and PC are restored automatically to their values 

1243 before the interrupt with the RTI instruction 

1244 1; 
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7.3.7 Watchdog timer setting examples 


SEQ. LOC. OBJ. coe eKe ev ed sce ehscesdeeseKes ee SOURCE STATEMENT. .0Se ee eKeee Doce eKeccehecvekese cere Re veedescokees 
1254 l «PAGE 

1255 1; 

1256 | [atSseer Sere sSSeS5—- == - eee ee 

1257 1; Watchdog timer setting example 1 = 

1258 1; (Watchdog timer write routine] = 

1259 1 > PESAESS SSS SASS SHaSaSs SHBSSSSSSSsTsssss=== 

1260 1;  “FFFH” is set in watchdog timer by writing 

1261 1; to watchdog timer (60H) 

1262 1; 

1263 O0FO00 1 ¥DT_SET: 

1264 OOFO00 08 l PHP > Store PS 

1265 OOFOO! F8 l SEM > Data length 8 bits (note) 
1266 OOFO02 «8560 Ll STA A, HDT > Write to watchdog timer 
1267 OOF0O04 28 l PLP > Restore PS 

1268 OOFO05 60 l RTS 

1269 1; 

1270 1 ; Note: The address following the watchdog timer 

1271 1; contains the watchdog timer frequency 

1272 1; selection flag. Therefore, be careful not 

12738 1; to change this value when accessing the 
1274 1; watchdog timer in 16-bit unit. 

1275 1; 

1276 1; 

1277 | ,Sitarscsatssesesssssssssesss SsssessSrassasssssassases= 

1278 1; Watchdog timer setting example 2 = 

1279 1; (Watchdog timer interrupt processing example] = 

1280 l 9 BemRERSHSBSSaSsasSSSssSSaaSs SSSSssSaSSSSsTSSSSSSSSSTS= 

1281 1; In this example, a software reset is performed 

1282 1; when a watchdog timer interrupt is generated. 

1288 1; 

1284 OOFO06 1 HATCH_DOG: 

1285 1 -DATA 8 

1286 OOFOO6 F8 l SEM ’ 

1287 OOFOO7 *045E08 Ll SEB #00001000B,PMR >; Software reset 

1288 OOFOOA 40 l RTI 

1289 1; 
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7.3.8 Software timer setting examples 


SEQ. 


1296 
1297 
1298 


LOC. 


OOF800 


OOF800 
QOF801 


OOF804 


00F804 
OOF805 


OBJ. 


F8 
834920 


F8 
894300 


ne ee ee ee ee ee 


—_—= —_ 


meee eee eet pee pet pwn 


codec ce Kove cle ee eKeee eQOURCE STATEMENT. 2.5.00 Kec ee Be ee Meee done oKe ne cde ee eke ve cdeceeKees 


we 


: The wait time in the following subroutine depends 


on the operating frequency and externa] bus 


width of the microcomputer. 


The following routine assumes single-chip mode 
with external input clock frequency at 8MHz. 


1 Pcyc=250ns at f(XIN)=8MHz 


DATA 8 
SEM 
RLA #32 


2 ¢cyc 
6+82 Pcyc 


1 cyc=250ns at f(XIN)=8MHz 


DATA 8 
SEM 
RLA #192 


we we we we 


2 écyc 
6+192 @cyc 


Total 200 ¢cyc 
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7.3.9 Interrupt vector table setting example 


SEQ. LOC. OBJ. rsaeheneelssceReeesees co Meries QOURCE STATEMENT :4.5 bees Mes cc Bawa Rene lade RvaycOr seahorse Geceekeos 
1358 «PAGE INTERRUPT VECTOR TABLE’ 

1359 : 

1860 ) PESRSASAASSS ASR IST SSS SASR AS SSSSSSSSSRaTaSSSTSTSST=z== 

1361 , Interrupt vector table = 

1862 > DSSRENS NISMS SASN SS ASASSSaSs SISA Sasa ST SATSTTTTSassasT== 

1363 : 

1364 SECTION VECTOR_AREA 

1365 -ORG  OFFD6H 


1366 OOFFD6 0000 
1367 OOFFD8 0000 
1368 OOFFDA 0000 
1369 OOFFDC 0000 
1370 OOFFDE 0000 
1371 OOFFEO 0000 
1372 OOFFE2 0000 
1373 OOFFE4 0000 
OOFFE6 0000 
1375 OOFFE8 0000 
1876 OOFFEA 0000 
13877 OOFFEC 0000 
1378 QOFFEE 0000 


~KORD INT_AD 
-HORD = INT_SIT 
-HORD INT_SIR 
-HORD = INT_SOT 
~HORD = INT_SOR 
~WORD = INT_TB2 
-HORD INT_TB1 
«WORD INT_TBO 
-HORD INT_TA4 
~HORD ‘“INT_TAS 
~HORD =INT_TA2 
-HORD INT_TAI 
~HORD = INT_TAO 


A-D conversion interrupt vector 
UART1 transmission interrupt vector 
UART1 receive interrupt vector 
UARTO transmission interrupt vector 
UARTO receive interrupt vector 
Timer B2 interrupt vector 

Timer Bl interrupt vector 

Timer BO interrupt vector 

Timer A4 interrupt vector 

Timer A8 interrupt vector 

Timer A2 interrupt vector 

Timer Al interrupt vector 

Timer AO interrupt vector 


b— 
[ow] 
~ 
rs 


1879 OOFFFO 0000 -KORD ~=INT2 INT2 interrupt vector 
13880 OOFFF2 0000 WORD ~=—INT1 INT1 interrupt vector 
1381 OOFFF4 0000 -NORD INTO INTO interrupt vector 


1382 OOFFF6 0000 
1883 OOFFF8 0000 
1384 OOFFFA 0000 
1385 OOFFFC 0000 
1386 OOFFFE (C000 


-HORD = INT_WDT 
~HORD RESERVED 


Watchdog timer interrupt vector 
(Reserved area) 

BRK instruction interrupt vector 
Zero divide interrupt vector 
Reset vector 


CS i ee eee i Oe ee ee ee ee ce 


we we we we we ws CO we Ws WO We We we we wo wo Wo we we we we 
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7.4 M37702 group execution performance 
The execution performance of the M37702 group is described below. 


7.4.1 Comparing the execution speed of M37702 and M37700 

One of the differences between the M37702 group and the M37700 group is the difference in the external 
area access operation while a software one-wait caused by the wait bit is valid (see Figure 7.4.1). The 
difference in program execution speed due to this difference in access operation is described below. 
Figure 7.4.3 compares the execution time of the M37702 group and M37700 group when executing two 
sample programs shown in Figure 7.4.2 under the conditions shown in Table 7.4.1 and the same clock 
frequency. Figure 7.4.3 shows that the M37702 group is much faster when accessing an external area 
while software one-wait is valid. 

This result depends on the frequency of the access and the difference increases as the access frequency 
increases. The effect for microprocessor mode using an 8-bit external bus appears in Figure 7.4.3. 


Table 7.4.1 M37702 group and M37700 group execution speed comparison conditions 


Parameter Conditions 
Operating mode Microprocessor mode 
External bus width 16 bits or 8 bits 
Software one-wait Valid 
Program area External EPROM 
Work area External or internal SRAM 


<M37702> <M37700> 


No software one-wait — 
(wait bit ="1”) E 


Software one-wait valid — 
(wait bit = “O”) 





Fig. 7.4.1 Effect of wait bit on external area access 
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Sample program A Sample program B 


SEP M, X SEP X 
LDA. B #0 CLM 
STA DEST+64 . DATA 16 
STA DEST+65 . INDEX 8 
STA DEST+66 LDY #69 
LDX. LDX #69 
ITALIC: LDA SOUR, X ASL SOUR, X 
TAY SEM 
AND . #00000011B . DATA 8 
STA DEST, X ROL SOUR+2, X 
TYA ROL B 
AND. #00001100B CLM 
ORA DEST+1, X . DATA 16 
DEST+1, X ROR A 
DEX 
#00110000B DEX 
DEST+2, X DEX 
DEST+2, X_ - BNE LOOP1 
STA A, DEST, Y 
#11000000B SEM 
DEST+3, X . DATA 8 
DEST+3, X STA B, DEST+2, Y 
CLM 
ITALIC . DATA 16 
DEY 
DEY 
DEY 
BNE 


* SOUR, DEST : Work area 





Fig. 7.4.2 Sample program list 
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Execution speed for sample program A 


External 16-bit bus width External 8-bit bus width 


Execution speed for sample program B 


External 16-bit bus width External 8-bit bus width 


M37700 
[_.] M37702 





Fig. 7.4.3 Execution speed comparison of M37702 group and M37700 group 
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7.4.2 Software one-wait (20MHz) and software+hardware wait (25MHz) execution speed comparison 
The program execution time is for M37702 group operating at 20MHz with software one-wait and M37702 
group operating at 25MHz with software one-wait and RDY (hardware wait). 

Figure 7.4.4 shows the execution time when two sample programs (see Figure 7.4.2) are executed under 
the conditions shown in table 7.4.2. 


Table 7.4.2 Software one-wait (20MHz) and software+hardware wait (25MHz) execution speed comparison 


Parameter Conditions of software + hardware side 

Operating mode = 

Clock frequency 25MHz 

External bus widih 7s 

Software one-wait — 

RDY (hardware wait) Valid only in external EPROM area 
Program area = 

Work area = 


In both cases, the M37702 group is used in microprocessor mode with 16-bit external bus and program 
stored in external EPROM. One wait is inserted for external memory access because software one-wait 
is used. In addition, RDY is used for external EPROM access during 25MHz operation for a total of two 
waits (RDY is invalidated for access of external RAM used for work area). 
Figure 7.4.5 shows the memory map during execution speed comparison. 


M37702 memory map 


Internal SRAM 


valid in this area. 
RDY is valid in this area at 25MHz. 
(Two waits are inserted at accessing.) 


Program area 
External EPROM 


-" Specify which of two for work area. 
External SRAM ye 
Software one-wait is 





Fig. 7.4.5 Memory map during execution speed comparison 
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Figure 7.4.4 shows that the difference in execution speed is small between 20MHz operation with software 
one-wait and 25MHz operation with software one-wait and RDY. 20MHz operation with software one-wait 
provides better cost performance because the use of specified memory eliminates the need for a bus 
buffer. 


Execution speed for sample program A Execution speed for sample program B 


25MHz with hardware and software one-wait 
[_] 20MHz with software one-wait 





Fig. 7.4.4 Software one-wait (20MHz) and software+hardware wait (25MHz) execution speed comparison 
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MEMO 
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PROM VERSION 


8.1 Product expansion 


8.1 Product expansion 
Internal PROM (programmable ROM) version has the following 2 types : 


@One time PROM version... Possible to write program in ROM once. 

@EPROM VEISION iacice ic xr dececieedesveasade, Possible to rewrite program in ROM because a written program is 
erased by exposing the erase window on top of the package to an 
ultraviolet light Source. 


Table 8.1.1 shows the product expansion of internal PROM version 


Table 8.1.1 Product expansion of internal PROM version 





Type name | ROM | RAM Clock frequency Writing adapter 
M37702E2-XXXFP | 
M37702E2AXXXFP | One time PROM 16K bytes PCA4774 
HSTIOBEDBKXXP | aa ta 
M37702E2FS 
M37702E2AFS EPROM 16K bytes | PCA4708 
M37702E2BFS een eee 
M37702E4-XXXFP 
M37702E4AXXXFP___| One time PROM 32K bytes | PCA4774 
M37702E4BXXXFP | 
M37702E4FS 2048 bytes 
M37702E4AFS EPROM 32K bytes | PCA4708 
M37702E4BFS | 25MHz 
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8.2 M37702E2-XXXFP 
The following descriptions will be for M37702E2-XXXFP. Internal PROM version has the same functions as 
M37702E2-XXXFP unless otherwise noted. 


8.2.1 Description 

The M37702E2-XXXFP is a single-chip microcomputer designed with high-performance CMOS silicon gate 
technology, and has the same functions as M37702M2-XXXFP except that PROM is built in. 

Since general purpose PROM writers can be used for the built-in PROM, this microcomputer is suitable for 


small quantity production runs. 


Figure 8.2.1 shows the M37702E2-XXXFP pin configuration. 


P7o/ANo <> 
P67/TB2IN <> 
P66/TB1IN <>» 
P6s/TBOIN <> 

P64/INT2 <> 

P6és/INT1 <> [61 

P62/INTo <> 
P61/TA4IN <> [8 | 

P60/TA4ouT <>» [9 _| 
P57/TASIN <> [io | 
P56/T ASouT <> 
P5s/TA2IN <> 
P54/T A2ouTt <> 
P53/TA1IN <> 
P52/TA1ouT <> 
P51/TAOIN <> 
P50/T AQouT <> 
P47 <> 

P4s <> 

P45 <> 

P44 <> 


P43 <> [22 | | 


P42/¢1 <> 
P41/RDY <> 


ee 
a 


| |<> P77/AN7/ADTRG 
Vss 
AVss 
AVcc 
Vcc 


| ~|~<— VREF 


| o\<> P71/AN1 
| 3|<> P72/AN2 
|e |<> P73/AN3 
| |] ~<> P74/ANa 
~<> P7s5/ANs 
<> P7c6/ANe6 
| 8 ]<sx» P80/CTSo/RTSo 
| }<> P81/CLKo 
| & |~<> P82/RxDo 
| |<» P83/TxDo 


| 3 | 
| or 
3 | 
| 
| S| 
| S| 

(oO 


O 


O 


= 
GD 
~~ 
“I 
= 
ND 
m7 
by 
Pas 
aX 
Pas 
Ti 
U 


on _| 
BYTE —>[8 | 


o_| 
lo _| 


P32/ALE <> [2 | 


OV [on 
© 


nn 


ALIAS HP PHT a PS [1S HLH pont iani int in a Od] 10>) | 
=f ip HPO] IN OPO] — PPMP [OJ je PO Lim] Iw] ]o NMPfo) [+> 


AAA RALAREAEAAREAALAAAL: 


P84/CTSWV/RTS1 
P85/CLKi 
P86/RxD1 
P87/TxD1 
P0o/Ao 
PO1/A1 
PO2/A2 
P03/A3 
PO4/A4 
P0s/As 
PO6/Aé 
P07/A7 
P10/As/Ds 
P11/As/D9 
P12/A10/D10 
P13/A11/D114 
P14/A12/D12 
P15/A13/D13 
P16/A14/D14 
P17/A1s/D15 
P20/A16/Do 
P21/A17/D1 
P22/A18/D2 
P23/A19/D3 





P40/HOLD <> 
P31/BHE <>» 
P30/R/W ~<> 

P27/A23/D7 <>» [S | 

P26/A22/D6 «<» [SJ 

P2s5/A21/D5 «> [S | 

P24/A20/D4 <> [5 | 


Outline 80P6N 





Fig. 8.2.1 M37702E2-XXXFP pin configuration 
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8.2.2 Functional description 

The pin arrangement of M37702E2-XXXFP is identical to the mask ROM version M37702M2-XXXFP. 
Internal PROM version has a normal operating mode which provides the same functions as the mask ROM 
version and an EPROM mode used to write to built-in PROM. 

In normal operating mode, the pin functions are equivalent to the corresponding mask ROM version. In 
EPROM mode, the pin functions are shown in Table 8.2.1. 


Table 8.2.1 Pin functions in EPROM mode 


Pin inpuvOutput Functions 


Vcc, Vss Power supply Supply 5V+10% to Vcc, and OV to Vss. 
CNVss Vep input Connect to Veep when programming or verifying. 









BYTE Connect to Ver when programming or verifying. 
RESET Reset input Input Connect to Vss. 


XIN Clock input Input Connect a ceramic resonator between Xin pin and Xout 
pin. When an external clock is used, the clock source 





Xout Clock output | Output should be connected to the Xin pin and Xour pin should 
tC be left open. 

E Enable output ___ |. __ Output ___| Open. 

AVcc, AVss| Analog power supply input | = = ———_—_—+| Externally connect AVcc to Vcc and AVss to Vss. 

VREF Reference voltage input | | Input | Connect to Vss. 

POo-PO7 _| Address input (Ao—A7) Input __| The low-order 8-bit (Ao—A7) address input pins. 


Pto-P17 | Address input (As—A14) | 


{ 


Input | P1o—P16 are high-order 7-bit address input pins. Connect 
Pty to Vcc. 

8-bit data (Do—D7) input/output pins. 

Connect to Vss. 

Connect to Vss. 

P51 and P52 function as OE and CE input. Connect P5o, 


P20-P27 Data input/output _ 
P30—P33 Input port P3 


P40—P47 Input port P4 | ] 
P50—P57 Control input 








| . P53, P54, and P5s to Vcc, and P56 and P57 to Vss. 
P60-P67 _| Input port P6 Input | Connect to Vss. 
P7o-P77 Input port P7 Input | Connect to Vss. 
P80—P87 Input port P8 ! Input | Connect to Vss. 
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(1) EPROM mode 
The EPROM mode is entered by setting the RESET pin to “L” level. In EPROM mode, ports PO, P1, 
P2, P51, P52 and pins CNVss and BYTE become EPROM pins (M5M27C256K equivalent) and read/ 
write to built-in PROM can be performed in the same manner as for M5M27C256K. However, there 
is no device identification code. Therefore, program conditions must be set carefully. Xin and Xout pins 
must be connected to a clock (ceramic resonator or an external input). 
Table 8.2.2 shows the pin assignments in EPROM mode and Figure 8.2.2 shows the pin connections 
in EPROM mode. . 
The program area should specify the following: 


Addresses 40001cs—7FFFie for the models that have internal 16K bytes PROM, and 512 bytes RAM. 
Addresses 000016e-7FFFie for the models that have internal 32K bytes PROM, and 2048 bytes RAM. 


Caution : Describing in this section, the built-in PROM can be written to or read in the same way as 
with the M5M27C256K (256K mode). 
But in the future, for M37702E2BXXXFP, M37702E2BFS, M37702E4BXXXFP and 
M37702E4BFS, 1M mode may become standard. ' 


Table 8.2.2 Pin assignments in EPROM mode 


ea M37702E2-XXXFP M5M27C256K 
Vcc Vcc 


ee ee 
Vee Vee 
Vss Vss Vss 
Address input Ao-A14 
Data /O Do-Dr 
CE P52 CE 
OE P51 OE 


@Read 
To read the EPROM, set the CE and OE pins to “L” level and input the address of the data (Ao—A14) 
to be read. The data will be output to the data I/O pins Do—D7. The data I/O pins will be floating when 
either the CE or OE pin is at “H” level. 


@wWrite 
To write to the EPROM, set the OE pin to “H” level. The CPU enters the program mode when Ver is 
applied to the Ver pin. Set the address to be written to with pins Ao—Ai4 and input the data to be written 
through the data input pins Do—D7. The data is written when the CE pin is set to “L” level. 


@Erase (EPROM version only) 
The program is erased by exposing the glass window on top of the package to an ultraviolet light 
having a wave length of 2537 Angstrom. The light must be at least 15W:s/cm*. 


Table 8.2.3 Input/Output signals in each mode 


aE Vee Vee Data 110 


Read-out Output 
Output Vi Vix Floating 
disable BV Floating 
Programming Hy 
Programming verify | Vs Output 
Program disable Vin Vin 12.5V Floating 


Note: “X” indicates either Vit or Vin. 
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AVcc 
Vcc 


+ P77/AN7/ADTRG 
Vss 
AVss 


|S |< P82/RxDo 
| & |<» P83/TxDo 


| 8 |<» P80/CTSo/RTSo 


| S)<— > P7/AN1 
rSl<«» P8i/CLKo 


| ~ |<«— VREF 


3 
hb 
3 | 
ri 
3 


P70/ANo «<> 
P67/TB2IN <> 
P6c/TBIIN «<> 


PgvCTSVRTSt 
P85/CLK1 
P86/RxD1 
P87/TxD1 
POd/Ao 
POWA1 
PO2/A2 
PO3V/A3 
PO4&/A4 
POS/AS5 
POc/A6 
PO7/A7 
PiwAs/Dsa 
P11/A9/D9 
P12/A10/D10 
P19/A11/D11 
P14/A12/D12 
P18/A13/D13 
P1e/A14/D14 
P17/A1s/D15 
P20/A16/Do 
P21/A17/D1 
P22/A18/De 
P23/A19/D3 


P65/TBOIN «> 
P6a/INT2 «<> 
P6vINT1 <> 
P62/INTo <-> 

P61/TA4IN «—> 

P60/TA40uT «<—> 


beh il ds 


4 A 
{ 4 
vv 


P57/TASIN <> 
P5c/TASouT <> 
P5s/TA2IN <> 
P54/TA2out +> 
P53/TA1IN <> 
P52/TA10uT «<> 
P51/TAOIN <> 
P50/TAOQourt «—> 
P47 <> 

P46 +> 

P45 +> 

P44 +> 

P43 +> L22 

Paz/gr <> 
P41\/RDY <> 


dAXXX-cacOZZew 





~ ~ = _~ 
© ~ Ww _ N wiiroe 


SSSI eSee ee 


A 
i 
v 


FT BREEBEEBEEREEREREBIBEREE 


! 


P4vWHOLD «+> 
P3¥YHLDA <—» [%] 
P32/ALE <> [¥ ] 





Outline 80P6N 


* : Connect to ceramic oscillating circuit. 


C >: Same function as EPROM (M5M27C256K). 


Fig. 8.2.2 Pin connections in EPROM mode 
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8.2.3 Fast programming algorithm 

To program the M37702E2-XXXFP using a fast programming algorithm, first set Vec=6V, Vep=12.5V, and 
address to O16. Then apply a 1ms write pulse, check that the data can be read. If it cannot be read, repeat 
the procedure until the data can be read. Record the number of pulses applied (N) before the data was 
read and then write the data again, further applying three times the number of pulses (3 x N ms). 
When this series of write Operation is complete, increment the address and repeat the above procedure 
until the last address is reached. 

Finally, after writing to all addresses, read with Vcc=Vprp=5V (or Vcc=Vpp=5.25V). 

Figure 8.2.3 shows the fast programming algorithm flow chart. 


START 
ADDR-=First location 


Vcc =6.0V 
Vep=12.5V 


B>{ Program one pulse of 1ms 


Program / Verify 
one byte ~ 


Program pulse 
of 3Xms duration 
Increment ADDR Last ADDR? 


YES 


Voc =Vpp=5.0V"* 


FAIL | Device 
failed 


PASS 


DEVICE PASSED 


Fig. 8.2.3 Fast programming algorithm flow chart 





* + 4.5V<Voc=Vers5.5V 
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(1) Electrical characteristics of the fast programming algorithm 


Table 8.2.4 AC electrical characteristics (Ta=25+5°C, Vcc=6V+0.25V, Ver=12.5+0.3V, unless otherwise noted) 


Limits 
Symbol Parameter [Mn TT st Unit 
tas Address setup time LS 


toes OE setup time a s 
tos Data setup time 


Us 
tAH Address hold time ae eb DRED SR S 
to Data hold time ae ae a ee eee 
tor Output enable to output float delay _ LO AO. ns 
— Vecrsotup Une a a ae 
tves Vee setup time ee = a ee Ls 
tEPW CE initial program pulse width ms 
topw CE over program pulse width 2.85 | | 78.75 | ms 
toe Data valid from OE {|__| 150 | ns 


Program __ Verity 


VIH $$. ee 


Address 
VIL 


tAS 


ViH/VOH ; \ | 
Data set Data output valid 
VIL/VOL 5 7 : 
es 
VPP ay | 
2 at | 


tvcs 
<— 


A. 
SV tOES , 
—> < 





Fig. 8.2.4 Fast programming timing diagram 
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8.3 Usage precaution 


[ Precaution on all internal PROM versions ] 
High voltage is required to write to the built-in PROM. Be careful not to apply excessive voltage. Be 
especially careful during power-on. 


{ Precaution on one time PROM version ] 

User programmable one time PROM versions (M37702E2FP, M37702E2AFP, M37702E2BFP, M37702E4FP, 
M37702E4AFP, M37702E4BFP) that are shipped in blank are also provided. A write test and screening 
after assembly process are not performed for these models. 

To improve their reliability after writing, we recommend that they are written and tested as flow shown in 
Figure 8.3.1. 


Writing with PROM writer 


Screening (Note) 
(Leave at 150°C for 40 hours) 


Note : Never expose to 150 °C exceeding 100 hours. 





Fig. 8.3.1 Writing and test flow for one time PROM version 


[ Precaution on EPROM version ] 

®Cover the transparent glass window during read mode because exposing to sun light or fluorescent lamp 
can cause the information to be erased. 

@A shield to cover the transparent window is available from Mitsubishi Electric corp.. Be careful that the 
shield does not touch the microcomputer lead pins. 

®Clean the transparent glass before erasing. Fingers’ flat and paste disturb the passage of ultraviolet rays 
and may affect badly the erasure capability. 

@Use a fit IC socket to mount the EPROM version models except for evaluation. Settle the ceramic 
package in an IC socket with silicon resin and the like, surely. 
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9.1 Product expansion 

The M37703M2-XXXSP is equal to the M37702M2-XXXFP enclosed in a 64-pin shrink plastic molded DIP. 
The M37703 group consists of chips shown in Table 9.1.1 with the M37703M2-XXXSP as the base chip. 
These chips are all pin compatible with each other. Only the memory type and size, and operating clock are 
different. 


Table 9.1.1 Product expansion of M37703 group 











Type name Clock frequency 
M37703M2-XXXSP 8MHz 
M37703M2AXXXSP Mask ROM 16K bytes 16MHz 
M37703M2BXXXSP 25MHz 
M37703S1SP 8MHz 
M37703S1ASP pe 512 bytes 16MHz 
M37703S1BSP 25MHz 
M37703E2-XXXSP | 8MHz 
M37703E2AXXXSP One time PROM 16K bytes 16MHz 
M37703E2BXXXSP 25MHz 
M37703M4-XXXSP 8MHz 
M37703M4AXXXSP Mask ROM 32K bytes 16MHz 
M37703M4BXXXSP 25MHz 
M37703S4SP 8MHz 
M37703S4ASP 2048 bytes 16MHz 
M37703S4BSP | 25MHz 
M37703E4-XXXSP 8MHz 
M37703E4AXXXSP One time PROM 32K bytes 16MHz 
M37703E4BXXXSP 25MHz 
9.1.1 M37703M2-XXXSP characteristics 
ONUMBDEF Of DaSIC: INSU CONS esnccetacervectrccninctceaiattnecoeaeecsin aiis Ueerawer ihn tase acuaserenioneumen annem eo eee a 103 
@Memory size FV ass cc chceassgeetinicaba en catey taasceeasateidinac sionuaaaaanean aaa ba uae tunaerr tenants eaten ats 16K bytes 
PEPIN sceeciacsrs essa case wise terse pacts cist eae green aed cee amet tN eemenrR 512 bytes 
@instruction execution time (the fastest inStruCctiOn at BMHZ) ....... ccc ceeseescceeseeceeeeeeeeeeeeeaees 500ns 
SINGS DOWE! SUD DIY oe roreseace rece icctehtaalacuttev aa alies sao ola enmn nds aaaah easatans eco nawantniamsdnaenecnaekeee 5V+t10% 
@Low power dissipation (At BMHZ) ......... eee ccesscccessececeseseeeeseeeeecesseasceseueesseeteeseeetsaeeseeaaeees 30mW (Typ.) 
Di CI DTS 4 sai eerie cotausrcanicirdel as guceite micarboten saree omar aime ia ene 19 sources, 7 levels 
YTS) dees 6 ace1d (0) aimee oc ©, eae | 0 9) =e >see aes ret ge 5+3 
GY A iy are ene PF AA a RC EPA CTS UT ES PE eR OS NCR een a 2 
S-Di AAD COM VC Crates cat coreralendinrlenaaneteinta tears Wuadausimiansnamiaeinne i anstneh ateainiieamere eeaaies 4-channel input 
@Watchdog timer 
@®Programmable I/O (ports PO, P1, P2, P38, P4, P5, P6, P7, and P8) ou... eeeccecceeserteteeeeereees 53 
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9.2 M37703M2-XXXSP 
The following descriptions will be for M387703M2-XXXSP. The products of M37703 group have the same 
functions as the M37703M2-XXXSP unless otherwise noted. 


9.2.1 Description 

The M37703M2-XXXSP is a 16-bit single-chip microcomputer designed with high-performance CMOS sili- 
con gate technology. It is housed in a 64-pin shrink plastic molded DIP. 

This single-chip microcomputer has a large 16M bytes address space, three instruction queue buffers, and 
two data buffers for high-speed instruction execution. The CPU is a 16-bit parallel processor that can also 
be switched to perform 8-bit parallel processing. This microcomputer is suitable for office, business, and 
industrial equipment controllers that require high-speed processing of large amounts data. 

Figure 9.2.1 shows the M37703M2-XXXSP pin configuration. 


AVcc Vcc 
VREF —> <> P80/CTS0/RTSo 
AVss <> P81/CLKo 
P77/AN7/ADTRG <> <> P82/RxDo 
P72/AN2 <> 160| +» P83/TxDo 
P71/AN1 «>| 6 | <-> P86/RxD1 
P70/ANo <> <-> P87/TxD1 
P65/TBOIN <>] 8 | <-> P0o/Ao 
Péa/INT2 <> [9 | <> PO1/At 
P63/INT1 <> <-> PO2/A2 
P62/INTo <> <> P03/A3 
P57/TASIN <> <> P04/A4 
P56/TA30UT <> <-> P05/A5 
P55/TA2IN <> <-> PO6/A6 
P54/TA2ouT +> <-> P07/A7 
P53/TA1IN <> <> P10/As/Ds 
P52/TA10UT +> <-> P11/A9/Da 
P51/TAOIN +> <-> P12/A10/D10 
P50/TAOOUT <> <> P13/A11/D11 
P47 <> <-> P14/A12/D12 
P42/o1 <> <> P15/A13/D13 
P41/RDY <> <> P16/A14/D14 
P40/HOLD «> > P17/A15/D15 
BYTE —> <-> P20/A16/Do 
CNVss <> P21/A17/D1 
RESET —> <-> P22/A18/D2 
XIN —> <-> P23/A19/D3 
XOUT +— <-> P24/A20/D4 
—E<— <> P25/A21/Ds 
Vss <-> P26/A22/D6 
P32/ALE <> <->» P27/A23/D7 
P31/BHE <> <> P30/R/W 


<= 
Go 
~ 
x 
= 
GO 
<= 
ae 
~< 
~< 
x< 
Y) 
ae 


Outline 64P4B 
Fig. 9.2.1 M37703M2-XXXSP pin configuration 
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9.2.2 Performance overview 
Table 9.2.1 shows the performance overview of the M37703M2-XXXSP. 


Table 9.2.1 M37703M2-XXXSP performance overview 


Parameters Functions 
Number of basic instructions 103 
Instruction execution time M37703M2-XXXSP 500ns (the fastest instruction at 8MHz frequency) 


( 

250ns (the fastest instruction at 16MHz frequency) 

160ns (the fastest instruction at 25MHz frequency) 
Clock frequency M37703M2-XXXSP 8MHz (maximum) 

16MHz (maximum) 

25MHz (maximum) 
Memory size 16384 bytes 

512 bytes 
Input/Output ports 8 bits x 4 


Port P8 6 bits x 1 
Ports P4, P6, P7 4bits X 3 
Port P3 3 bits X 1 


Multi-function timers TAO, TA1, TA2, TA3, TA4 |16 bits X 5 (4 with I/O functions) 
| TBO, TB1, TB2 16 bits X 3 (1 with I/O functions) 


Serial 1/O Clock asynchronous serial I/O X 2 

(UARTO can also be used as clock synchronous) 
A-D converter 8 bits X 1 (4 channels) 
Watchdog timer 12 bits xX 1 
Interrupts 3 external, 16 internal (priority levels 0 to 7 can 

| be set for each interrupt with software) 

Clock generating circuit Built-in (externally connected to a ceramic 

resonator or quartz crystal resonator) 
Supply voltage 5V+10% 
Power dissipation 30mW (at external 8MHz frequency) 
Input/Output characteristics 5V 

Output current 5mA 

Memory expansion Maximum 16M bytes 
Operating temperature range —20 to 85°C 
Device structure CMOS high-performance silicon gate process 
Package 64-pin shrink plastic molded DIP 
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9.2.3 Differences between M37703M2-XXXSP and M37702M2-XXXFP 
Table 9.2.2 shows the differences between M37703M2-XXXSP and M37702M2-XXXEFP. 


Table 9.2.2 Differences between M37703M2-XXXSP and M37702M2-XXXFP 


Functions M37702M2-XXXFP 
/O ports . 53 (in single-chip mode) 68 (in single-chip mode) 
Port PO 8 bits 8 bits 
Pot Pi -|(8bits «i its 
Port P2_—|8 bits 8 bits 


Port P3 3 bits (P33/HLDA unavailable) 4 bits 


Port P4 4 bits (P43-P46 unavailable 8 bits 


Pot PS —s|abits 8 ts 


Port P6 4 bits (P60, P61, P6s, and P67 unavailable) |8 bits 
Port P7 4 bits (P73—-P7e6 unavailable 8 bits 
Port P8 6 a7 aaa (P84 and P8s unavailable) 8 bits 


Timers 16 46bisX8 | x 8 16 bits X 8 


Timer A nis Timer I/O pins available Timer I/O pins available 
Input=TAjin, output=TAjout (j=0 to 3) |Input=TAiin, output=TAiourt (i=0 to 4) 
fe 
Internal timer (TA4in and TA4our unavailable 


Timer B iy oat input pin (TBO) available Timer input pin (TBkin) available 
TB1 |Internal timer (TB1in and TB2in (k=0 to 2) 





TB2  —icem—anmcmart: 





Serial I/O 
Unite Oe esharnconie asynchronous/synchronous 
serial 1/O serial 1/O a 
Clock asynchronous serial I/O Clock asynchronous/synchronous 
serial I/O 
A-D converter One 8-bit resolution One 8-bit resolution 
4-channel analog input pin 8-channel analog input pin 
ANo, ANi, ANe2, AN7z ANo, AN:, ANe2, ANs, 
(ANs—ANe unavailable) ANa, ANs, ANe, ANz 
Note : AN7 pin is in common with Note : AN7 pin is in common with 
external trigger pin. external trigger pin. 
Package 64-pin shrink plastic molded DIP (64P4B) j|80-pin plastic molded QFP (80P6N) 
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9.2.4 Functional description 

The internal circuit of the M37703M2-XXXSP is identical to that of the M37702M2-XXXFP including the 
control registers and memory allocation in SFR area. However, since the M37703M2-XXXSP has only 64 
pins, some functions are different from the M37702M2-XXXFP. ; 

The functional differences are described below. 


(1) A-D converter 


Analog input pins are 4 channels of ANo-ANz, and AN? pins. 


[ One-shot mode and repeat mode ] 

The analog input pin selection bits in the A-D control register must be set to “000”, “001”, “010”, or 
“111”. 

Bits 3 to 6 in the port P7 direction register must be set to “1” to select output mode because ANs— 
ANe pins are not available. 

[ Single sweep mode and repeat Sweep mode ] 

Bits 0 to 2 and bit 7 in the port P7 direction register must be set to “O” to select input mode. Bits 3 
to 6 in the port P/ direction register must be set to “1” to select output mode because ANs—ANé pins 
are not available. 

The contents of the corresponding A-D registers to analog input ANs—-ANe which have no input pins 
are undefined. 


(2) Timers 


I/O functions of timer A4, and input functions of timers B1 and B2 are not available. Therefore, these 
timers operate only in timer mode. Only count source can be selected for timers A4, B1 and B2, and 
bits 0 to 5 in each timer mode register must be fixed to “OQ”. 

Other timers (timers AO to A3, and timer BO) have the same functions as the M37702M2-XXXFP. 


(3) Serial 1/0 


UART1 can be used only in UART mode. It cannot be used in clock synchronous serial I/O mode. 
Therefore, the serial I/O mode selection bits in the UART1 transmit/receive mode register must be set 
to the value except for “001”. 

The CTS/RTS function selection bit in the UART1 transmit/receive control register 0 must be fixed to 
“1” because CTS/RTS function is not available (this bit is set to “O” at reset). 

UARTO has the same functions as the M37702M2-XXXFP. 


(4) Ports 
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The port direction registers for ports P4, P6, P7, and P8 contain 8 bits. However, the bits in the each 
direction register with no corresponding pins must be set to “1” to select output mode. The port P3 
direction register bit 3 which is corresponding to port P33 must be set to “1” to select output mode. 
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Appendix 1. M37702 group memory map 


1. Memory map in single-chip mode 
Figure 1 shows the memory map in single-chip mode. 





O16 O16 


(A) (B) 


Internal RAM 
2048 bytes 













7Fi6 7Fi6 
8016 internal RAM avis 
512 bytes 
2/Fie 


87 Fie 


Not used 


800016 


Internal ROM 
32K bytes 


C00016 


Internal ROM 
16K bytes 


FFFFi6 FFF Fis 









Internal ROM 
M37702M2-XXXFP, M37702M2AXXXFP, M37702M2BXXXFP | Mask ROM 
(A) [M37702E2-XXXFP, M37702E2AXXXFP, M37702E2BXXXFP_| One time PROM 


M37702E2FS, M37702E2AFS, M37702E2BFS EPROM 


M37702M4-XXXFP, M37702M4AXXXEFP, M37702M4BXXXFP | Mask ROM ___. 


M37702E4-XXXFP, M37702E4AXXXFP, M37702E4BXXXFP_| One time PROM 


M37702E4FS, M37702E4AFS, M37702E4BFS EPROM 











Fig. 1 Memory map in single-chip mode 





272 


APPENDIX 
Appendix 1. M37702 group memory map 





2. Memory map in memory expansion mode 
Figure 2 shows the memory map in memory expansion mode. 











(A) (B) SFR area 
ae aes 0 16 eos O16 
7Fi6 eR A ge: 
8016 8016 External memory area 
27Fi6 Internal RAM 
2048 bytes 
87F ie 
5 External memory area External memory area 
7 
sa 800016 
Mons Internal ROM 
Internal ROM al ha 
16K bytes 
_Y___FRF Fie __._F FEF i 
a 1000016 
X 
Cc 
w 
co 
_AFFFF 16 
: External memory area : : External memory area : 
e 2  FFO000i6 
LL 
Le 
pad 
a _Y__FFFFFFi6e FFFFFFie 





Internal ROM 
M37702M2-XXXFP, M37702M2AXXXEP, M37702M2BXXXFP| Mask ROM 
(A) [M37702E2-XXXFP, M37702E2AXXXFP, M37702E2BXXXFP_| One time PROM 


M37702E2FS, M37702E2AFS, M37702E2BFS EPROM 


M37702M4-XXXFP, M37702M4AXXXFP, M37702M4BXXXFP| Mask ROM 


(B) | M37702E4-XXXFP, M37702E4AXXXFP, M37702E4BXXXFP. | One time PROM 


M37702E4FS, M37702E4AFS, M37702E4BFS EPROM 





















Fig. 2 Memory map in memory expansion mode 
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Appendix 1. M37702 group memory map 





3. Memory map in microprocessor mode and of external ROM version 
Figure 3 shows the memory map in microprocessor mode and of external ROM version. 


(A) SFR area 
a en 0 
. External memory 
8016 


area (Note) 





Internal RAM 
512 bytes 


Internal RAM 
2048 bytes 












5 
aw 
Cc 
ig) 
aa) 
External memory 
area (Note) Ext | 
xternal memory 
oy Sees FFFF 6 area (Note) 
2 ff  FFO000: 
Li 
— ow 
<< 
oA 
= FFFFFFi6 FFFFFFi6 








Internal ROM 
M37702M2-XXXFP, M37702M2AXXXFP, M37702M2BXXXFP | Mask ROM 
(A) 








M37702E2FS, M37702E2AFS, M37702E2BFS 
M37702S1FP, M37702S1AFP, M37702S1BFP 
M37702M4-XXXFP, M37702M4AXXXFP, M37702M4BXXXFP 


M37702E4-XXXFP, M37702E4AXXXFP, M37702E4BXXXFP_| One time PROM 
M37702E4FS, M37702E4AFS, M37702E4BFS EPROM 


External ROM 




















M37702S4FP, M37702S4AFP, M37702S4BFP 





Note: Address FFD616 to FFFFie in bank Ore is the interrupt vector table and must be assigned to ROM. 


Fig. 3 Memory map in microprocessor mode and of external ROM version 
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Address 


(Hexadecimal notation) 


000000 
000001 

000002 
000003 
000004 
000005 
000006 
000007 
000008 
000009 
OO000A 
00000B 
00000C 
00000D 
OOOO0E 
OOO00F 
000010 
000011 

000012 
000013 
000014 
000015 


00001D 
00001E 
00001F 
000020 
000021 

000022 
000023 
000024 
000025 


Appendix 2. SFR area memory map 


Registers Access 





RO - Read only 
WO :- Write only 
RW -:- Read/Write 
















Port PO register | RW) 


OO) dseaieed | i 
Port P1 register ; Impossible to write, | 
) and undefine at reading 
() eersers Impossible to write, 


and fixed to “O” at reading 


Port P1 direction register 
Port P2 register 





b7_ bb SK SR bO 


[of o [0 [awjaw[aw[Aw 


b7  b6 65 b4 _ b3  b2_ bi bo 


.o | 0 | o JRWIRW/AW] AW 


Paw 
Caw 
[Por Peregister Sid 
Port P2 direction register | AW | 
[Port PS direction register 
Tron Parecister + RW 
[Por PS register ————~*| CRW 
[Port Fé direction register | RW” 
[Port PS direction register | RW 
Por Péreaister «| RW 
pon P7 register =| 
[Port Pe direction register | RW” 
[Port P7 direction reister | RW 
Port Pe resister dR 
—_ 


Port P8 direction register 


a 
oe 
RW 
Caw 
Port Fo direction register [RW 
RW 
RW 
— 
RW 
= 
RW 
RW 
RW 
RW 
RW 
RW 
RW 
Caw 





= 









A-D control register | RW_ 
A-D sweep pin selection register RW 
A-D register 0 


| RO | 
a ee 
| ADregistert | RO | 
oe ee ee 
| ADregister2 | RO 
ao 

a 


b7 _b6 b4 _b3  b2_ bi bo 





b5 














A-D register 2 


ae 
>= 
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Address Registers Access 


(Hexadecimal notation) 







000026. 
000027 
000028 
000029 
00002A 


[ee 
ees ee 
[ADregister4 | RO | 
aR eet 
[ADregiterS5———SS*dCR 


A-D register 6 RO. 


A-D register 7 | RO. 
UARTO transmit/receive mode register 
BRGO register 


UARTO transmission ._____! L 
buffer register 


00002D 
00002E 
00002F 
000030 
000031 

000032 
000033 
000034 
000035 
000036 
000037 
000038 
000039 
00003A 
00003B 
00003C 
00003D 
00003E 
00003F 
000040 
000041 

000042 
000043 
000044 
000045 
000046 
000047 
000048 
000049 


UART1 transmit/receive mode register 
BRG1 register 


UARTi transmission .....___! L 
buffer register 


UART1 transmit/receive control register 0 
UART1 transmit/receive control register 1 


L}| RO 
‘UART1 receive buffer register -"=*qr"*""""" 
H > 


et Mae 
D amee taeahoetecal 
TT TI 


‘Timer AO register -"*-**s*rrerss 

























‘Timer A1 register ------------7- 





















Appendix 2. SFR area memory map 


b7  b6  b5 b4  b3 b2 bi b0 
217] 2] 2 |Ro|RW|RWIRW 
[RO] RO} RO} RO} RO|RW] RO|RW 


b7  b6  b5 b4 _ b3  b2 bi b0 










b7 b6 bd b4 __b3_ _b2 _ _—bi__b0 
217] 2] 2 |RO|RW|RW|RW, 
[RO] RO} RO] RO} RO|RW| RO] RWI 


b7  b6  b5 b4  b3  b2 bi b0 










b7  b6  b5 b4 63 b2 bi b0 


Address 


O0004A 
00004B 


00004C | 


00004D 
00004E 
00004F 
000050 
000051 

000052 
000053 
000054 
000055 
000056 
000057 
000058 
000059 
00005A 
00005B 
00005C 
00005D 
OOO005E 
OO005F 
000060 
000061 

000062 
000063 
000064 
000065 


000070 
000071 
000072 
000073 
000074 
000075 
000076 


APPENDIX 


Registers Access 


(Hexadecimal notation) 


- Timer A2 register 


- Timer A3 register 


- Timer A4 register 


-- Timer BO register 


- Timer Bi register 


- Timer B2 register 


Timer AO mode register 
Timer Ai mode register RW 


SCS 








oe 


















Appendix 2. SFR area memory map 


b4  b3 b2__ bi bO 


b6 


b7_ _b6 bd _b4_ _b3_ _b2 bt _~—S*BG“D 





b7  _b6__b5 b3__b2 _bi___b0 






ae) 
Se) 







VPVEV EV Ts 
VI Yi 9 
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Appendix 2. SFR area memory map 
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Address 
(Hexadecimal notation) 


Ee ee ele oa 
[ine Aer contol gir 
Timer As interupt onl reps 
Finer BO erupt conta eit 


Registers Access 

















000077 
000078 
000079 
00007A 
00007B 
00007C 
00007D 
00007E 
00007F 
000080 











Timer 81 interrupt conto reiter 
Timer 82 tert contol register 
TINTS interupt control reaister 
TINT? interupt control reaister 
[iNTe interupt control reaister 


PPEEEEP EL 
SEEEEEEEE 
SEEEEEEEE 


Internal RAM 


Se a te 





2|212|~|~[-[~[~|~ 
2|2[2|~|~|~[~|~]~ 
2|2/2|2 12121212121 


2(2/2[2|/2 [2121212 
2(2|2|2|2|2|2|2|2 


2|2|2|2[2|2[2/2/2 


APPENDIX 


Appendix 3. Control registers 


Appendix 3. Control registers 
The register structure of each control register allocated in the SFR area are shown on the following pages. 
Each table shows the bit names, functions, content when reset is removed, and bit attributes. 


* Bit attributes: Each bit in the control register is either read only, write only, or read/write. The following 
abbreviations are used to indicate the attribute. 


: Read 

: Write 

: Possible to read or write 

: Impossible to read or write 


XOSD 
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Appendix 3. Control registers 





1.Port Pi direction registers (i=0-—8) 


b7 b6 b5 b4 b3 b2 b1 b0 


Port Pi direction register 
(Address 0416,0516,0816,0916,0C16,OD16, 1016, 11 16,1416) 





















[o [Por Pidecion selecion bi 
[3 [Por Ps drecion selection bt 
o 


0 : Input mode 
1 : Output mode 


[5 [Por Pi direction selecion bt 


Note: The high-order 4 bits of port P3 dierction register are write prohibited 
and these bits are fixed to “0” at reading. 


2.A-D control register 


b7 b6 b5 b4 b3 b2 bi b0 


Ph chet Gee te ated A-D control register (Address 1 E16) 






: Select ANo 
: Select AN1 
: Select AN2 
: Select ANs 
: Select ANa 
: Select ANs 
: Select ANe 
: Select AN7 (Note) 























: One-shot mode 
: Repeat mode 


A-D mode selection bits 
: Single sweep mode 
: Repeat sweet mode 


Trigger selection bit 0 : Software trigger (internal trigger) 
2 1 : ADtRre input trigger (external trigger) 
A-D conversion start flag 0 : Stop A-D conversion 
1 : Start A-D conversion 
A-D conversion frequency (dav) | 0 : Select f(Xin)/8 
’ | selection flag 1: Select f(Xin)/4 


Note. Pin AN7 cannot be used as analog voltage input pin when an external 
trigger is selected. 





























280 


APPENDIX 


Appendix 3. Control registers 





3.A-D sweep pin selection register 


b7 b6 b5 b4 b3 b2 bi b0 


Eee Sees A-D sweep pin selection register (Address 1F 16) 
Bit] Bitname | Functions, [Aves] |W 


A-D sweep pin selection bits b1b0 
0 0: ANo, AN: (2 pins 
0 1: ANo-ANs Ms pins 
1 0: ANo-ANs (6 pins 
1 1: ANo—AN7 (8 pins 











4.UARTi transmit/receive mode registers (i=0, 1) 


b7 b6 b5 b4 b3 b2 bi b0 


UARTO transmit/receive mode register (Address 3016 
UART1 transmit/receive mode register (Address 3816 


Bil Btname | __Funelons [wea [ RW! 


Serial //O mode selection bits 
: Serial 1/O prohibited 


: Clock synchronous serial I/O 
This cannot be available. 
: This cannot be available. 
: 7-bit VART 
: 8-bit UART 
eae 

: This cannot be available. 


Internal/external clock selection bits Tater clock 
: External clock 

Paitas bit eet selection bit 0: One stop bit 

(in UART mode) 1: Two stop bits 

Be een ad parity selection bit 0 : Odd parity 

(in UART mode) 1 : Even parity 

fic UY enable bit oe Parity disabled 

(in UART mode) : Parity enabled 

Sleep function selection bit 0 : Sleep function disabled 
7 l(in UART mode) 1: Sleep function enabled 


Note: Bits 4 to 6 are ignored in clock synchronous mode. 
Bit 7 must be “0” when using clock synchronous mode. 
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Appendix 3. Control registers 


5.UARTi transmit/receive control register O (i=0, 1) 


b7 b6 b5 b4 b3 b2 b1 b0 
UARTO transmit/receive control register 0 (Address 3416) 


UART1 transmit/receive control register 0 (Address 3C16) 










b1b0 

O 0: Select f(Xin)/2 (fe) 
O 1: Select f(Xin)/16 (fe) 
1 0: Select ANY 


16 ( 
64 (fea) 
1 1: Select f(Xin)/512 (fs12) 
CTS/RTS function selection bit |0: Select CTS function 
2 1: Select RTS function 
g 


0 : Data in transmission register 
(transmitting) 

1 : No data in transmission register 
(transmit complete) 


6.UARTi transmit/receive control register 1 (i=0, 1) 


b7 b6 bS b4 b3 b2 bi b0 


UARTO0 transmit/receive control register 1 (Address 3516) 
UART1 transmit/receive control register 1 (Address 3Di16) 


Bil __Bitname ‘(| ____Funclione ———=iWremt 
Transmit enable bit 0: Transmission disable 
1 : Transmission enable 
Transmission buffer empty flag O : Data in transmission buffer register 
1 ; age 1 x 
1 : No data in transmission buffer register 
9 Receive enable bit 0 : Receive disable 
1 : Receive enable 
3 Receive completion flag 0 : No data in receive buffer register 
1 : Data in receive buffer register 
Overrun error flag 0 : No overrun error 
1 : Overrun error 
















aan 


5 | Framing error flag 0 : No framing error 
(in UART mode) 1: Framing error 
Parity error flag 0 : No parity error 
(in UART mode) 1: Parity error 
7 Error sum flag 0: No error m4 
(in UART mode) 1: Error 


Note: Bits 5 to 7 are ignored in clock synchronous mode. 
Each error flag is cleared to “O” when the receive buffer register is read. 
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Appendix 3. Control registers 


7.Count start flag 


b7 b6 b5 b4°b3 b2 bi bO 


r | | ff | | | |] Count start flag (Address 4016) 


ei] Btrame ‘| Funelions [wea RW. 
[0 [Timer AO count start fag [0 Count stop 


ai 
[é [Timer Bt count startfiag 












8.One-shot start flag 


b7 b6 b5 b4 b3 b2 bi b0 


eehet [ [ [| | One-shot start flag (Address 4216) 


ei] Biname [Functions [wea] R[W 
[0 [Timer AO one-shot star flag | 1 One-shot sta P(e) 
| 0 |xlO 
oo [xlO 
0 _|x|O} 
9 [xlO 
These bits cannot be written and are undefined at reading. 

5 : 
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Appendix 3. Control registers 


9.Up-down flag 


b7 b6 b5 b4 b3 b2 bi b0 


lee Wealth dee te Up-down flag (Address 4416) 


ei] __Bitname——*«Y “Functions =e |W 
[0 [Timer AO up-down flag 0 Down count 
1: Up coun 

















Timer A2 two-phase signal 
S | processing selection bit 


Timer A3 two-phase signal 

processing selection bit 

Timer A4 two-phase signal 
7 | processing selection bit 


Note: Data must be written using LDM or STA instruction for bits 5-7. 


: Two-phase pulse signal 
processing disable 

1 : Two-phase pulse signal 
processing enable 








284 


APPENDIX 
Appendix 3. Control registers 
10.Timer Ai mode registers (i=0—4) 


b7 b6 bd b4 b3 b2 bi bO 


fe ies [eee ake, tecoil Timer Ai mode register (Addresses 5616—5Ai6) 
Bit! __Bitname | Functions, Aver] RW 


Operating mode selection bits b1b0 
0 0: Timer mode 

0 1: Event counter mode 
1 0: One-shot pulse mode 
1 1: PWM mode 






















b7b6 
0 0: Select f(Xin)/2 
O 1: Select f(Xin)/1 
1 0: Select f(Xin)/6 
1 1: Select f(Xin)/5 





(f2) 
6 (ft6) 
4 (fea) 
12 (fs512) 








Note: In event counter mode, bits 6 and 7 are ignored. 


(1)Timer mode 


b7 b6 bS b4 b3 b2 bi b0 


Sinan 
ca 


i] Bitname 
ey Operating mode selection bits b1bo 
1 O 0: Timer mode 
P Pulse output function selection bit 0 : No pulse output 7 
1 : Pulse output 


Gate function selection bits b4b3 
O X: No gate function 
1 0: Count while TAin input level is “L” 
1 1: Count while TAiwn input level is “H” 


Count source selection bits 


: Select f(Xin)/2 (fe) 
: Select f(Xin)/16 (fie) 
: Select f(Xin)/64 (fea) 





This bit must be fixed to “0”. 
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Appendix 3. Control registers 


(2)Event counter mode 


b7 b6 b5 b4 b3 b2 bi b0 


Timer Ai mode register <Event counter mode> 


0 | Operating mode selection bits bibo 
0 1: Event counter mode 
p Pulse output function selection bit 0 : No pulse output 
1 : Pulse output 
3 Count polarity selection bit 0 : Count at the falling edge of the input signal 
1: Count at the rising edge of the input signal 
Up-down switching factor selection bit | 0: Content of the up-down flag 
4 1: Input signal of the TAiour pin 













This bit must be fixed to “O”. 


These bits are ignored (may be “O” or “1”). 






(3)One-shot pulse mode 


b7 b6 b5 b4 b3 b2 bi bo 













Operating mode selection bits b1b0 
1 0: One-shot pulse mode ; 


b4b3 

O X : Internal trigger (Writing operation to the one-shot 
start flag) 

1 0: Falling edge of the input signal toTAiIN input 

1 1 : Rising edge of the input signal to TAiIN input 
















b7b6 

0 0: Select f(Xin)/2 (fe) 

O 1: Select f(Xin\/16 (fis) 
(Xin)/64 
(Xin)/51 







1 0: Select f (f64) 


1 
6 
1 1: Select f(Xin)/512 (f512) 
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Appendix 3. Control registers 


(4)PWM mode 


b7 b6 bS b4 b3 b2 bi b0 






EO Operating mode selection bits b1b0 
1 1: PWM mode 
This bit must be fixed to “1”. 


Trigger selection bits b4b3 

O X: Internal trigger (Writing operation to the one-shot 
start flag) 

1 0: Falling edge of the input signal TAiin input 

1 1: Rising edge of the input signal TAIN input 


16/8-bit PWM mode selection bit | 0 : 16-bit PWM mode 
1 : 8-bit PWWM mode 


Count source selection bits b7b6 

0 0: Select f(Xin) 
0 1: Select f(Xin) 
1 0: Select f(Xin) 
1 1: Select f(Xin) 














(f2) 

6 (t16) 
4 

1 







: F 
/1 

7 /64 (f64) 
/512 (f512) 
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Appendix 3. Control registers 





11.Timer Bi mode registers (i=0—2) 


b7 b6 b5 b4 b3 b2 bi b0 


| | | f-.f [| | | Timer Bi mode register (Address 5B1s—5D16) 
Bit! Bitname | Functions [Atos | RW 


Operating mode selection bits b1b0 

0 0: Timer mode 

0 1: Event counter mode 

1 0: Pulse period/pulse width 
measurement mode 

1 1: This cannot be available. 


These bits’ functions depend on operating mode. | 9 |OlO 
Ey 





















9 |OlO 
4 


| Timer Bi overflow flag 0 : No overflow or underflow 
S) 1 : Overflow or underflow { x< 
(Note) 
js Count source selection bits b7b6 


0 0: Select f(Xin)/2 (fe) 
O 1: Select f(Xin)/16 (fie) 
(Xin) 
(Xin) 
Note: The timer Bi overflow flag which is set to “1” is cleared to “O” by writing 
to this register. 











2 

16 
1 0: Select f(Xin)/64 (fea) 
1 1: Select f(Xin)/512 (fs12) 








(1)Timer mode 


_b7 b6 b5 b4 b3 b2 b1 b0 











OF Operating mode selection bits b1b0 
O 0: Timer mode 
) | 


2 | These bits are ignored (may be “O” or “1”). 






This bit cannot be written and is undefined at reading. 


Timer Bi overflow flag 0 : No underflow 
1 : Underflow 
6 


Count source selection bits 










: Select Xn (f2) 

: Select f(Xin)/16 (fie) 

: Select xmvet (fe4) 

: Select f(Xin)/512 (fs12 
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(2)Event counter mode 


b7 b6 b5 b4 b3 b2 bi b0O 


XTX} Pod [fof] Timer Bi mode register <Event counter mode> 


0, Operating mode selection bits bib0 
0 1: Event counter mode 


Count polarity selection bits b3b2 
O 0: Countat the falling edge of the input signal 
O 1 : Countat the rising edge of the input signal 
1 0: Count at both edges of the input signal 
1_1.: This cannot be available. 


2 
This bit cannot be written and is undefined at reading. 
5 
























Timer Bi overflow flag 0 : No underflow 
1 : Underflow 


These bits are ignored (may be “O” or “1”). 


(3)Pulse period/pulse width measurement mode 


b7 b6 b5 b4 b3 b2 bi b0 






Measurement mode selection bits 

O 0: Pulse period measurement mode (between falling 
edge and the next falling edge) 

Q 1 : Pulse period measurement mode (between rising 
edge and the next rising edge) 

1 0: Pulse width measurement mode 

1 1: This cannot be available. 


4 | This bit cannot be written and is undefined at reading. 


Timer Bi overflow flag 0 : No overfolw 
1 : Overflow 


Count source selection bits b7b6 

0 0: Select f(Xin)/2 (fz) 

0 1: Select f(Xin)/16 (f16) 
(Xin)/64 
(Xin)/51 






























1 0: Select f(Xin (fe4) 


/ 

/ 

/6 

1 1: Select f(Xin)/512 (fs12) 
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Appendix 3. Control registers 





12.Processor mode register 


b7 b6 b5 b4 b3 b2 bi bo 


| fo} | | ft | [4 Processor mode register (Address 5E16) 
Bit} ———Bitname | Functions Atos | RW 


Processor mode bits b1b0 
0 0: Single-chip mode 
O 1: Memory expansion mode 
Microprocessor mode 
: This cannot be available. 


Wait bit a Wait during external access 
: No wait 
Software reset bit Software reset activated by writing “1”. 0 |xlo 





Interrupt priority detection 5b 
time selection bits O : Select 7 cycles at internal clock ¢ 
1 : Select 4 cycles at internal clock 
O : Select 2 cycles at internal clock 
ie 


This cannot be available. 


This bit must be fixed to “O”. 0 Jolo 


Clock ¢1 output selection bit O : @1 output disabled 
(P42 is normal I/O port.) 


1 : ¢1 output enable 
(P42 is ¢1 output pin.) 


0 
0 
1 
1 





13.Watchdog timer frequency selection flag 


b7 b6 b5 b4 b3 b2 bi b0 


Foes Fees eed epee ees ees Watchdog timer frequency selection flag (Address 61 16) 
Bit] Bitname | Functions, ateset | RW. 


Watchdog timer frequency : : Select f(Xin)/512 (fs12) 
selection flag 1 : Select f(Xin)/32 (f32) 


These bits cannot be written and are undefined at reading. 
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14.A-D conversion, UART 0 and 1 transmission, UART 0 and 1 receive, timers A0—A4, timers BO-—B2, 


interrupt control registers 


b7 b6 b5 b4 b3 b2 bi b0 


A-D conversion, UARTO and 1 transmission, UARTO and 1 receive, timers A0-A4, 
timers BO-B2 interrupt control registers (Address 7016—7C16) 


Bil Sitname | Funotions [vasa RW 
O 


Interrupt priority level 
selection bits 
- Level 2 
1 : Level 3 
‘ Level 4 
‘ Level 5 
2 : Level 6 
: Level 7 
Interrupt request bit 0 : No interrupt request 
3 1: Interrupt request | 
x 






: Level O (Interrupt disabled) 
: Level 1 






b2b1 
00 
00 
04 
01 
10 
10 
1 1 
14 


4A0-0-0-08 















15.INTo-INT2 interrupt control registers 


b7 b6 bd b4 b3 b2 bi b0 


eel J J oy oy || INTo~INTz2 interrupt control registers (Address 7D16-7F 6) 
Bit] Bitname | Functions [Arrest] RWI 


Interrupt priority level 

selection bits : Level 0 (Interrupt disabled) 
: Level 4 
: Level 2 
: Level 3 









: Level 4 
‘ Level 5 
‘ Level 6 
: Level 7 







Interrupt request bit 0: No interrupt request 
3 1: Interrupt request 


Level/edge selection bit 0 : Set request bit at “H” level for level 
4 










sense and the falling edge for edge 
sense. 

1 : Set request bit at “L” level for level 
sense and the rising edge for edge 


ense. 
Level/edge sense selection bit 0 : Edge sense 
9 : 1: Level sense 
| 6 | These bits cannot be written and are undefined at reading. 
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Appendix 4. Stop, wait, one-wait, Ready, Hold state 


1. 


Stop, wait, one-wait, Ready, Hold state 


Table 1 shows the stop, wait, one-wait, Ready, and Hold state. 
The following are some notes for items in Table 1. 


(1) Oscillation 


Timer A, timer B, serial 1/0, and A-D converter can be used when the oscillator is operating. 


(2) STP instruction 


For mask ROM version, whether to enable or disable the STP instruction is selected with the STP 
instruction option on the mask ROM order confirmation form. The STP instruction is always valid for 
PROM version and external ROM version. 

Table 2 shows the external interrupts used to remove the state after executing the STP instruction (stop 
mode). 


Table 2 External interrupts used to remove stop mode 





External interrupt Interrupt Source 
External input signal INTo, INT1, INT2 
Serial I/O using external clock UARTO receive, UARTO transmission 
(clock synchronous/asynchronous) UART1 receive, UART1 transmission 
Timer interrupts in event counter mode Timer AO, Timer A1, Timer A2, Timer A3, Timer A4, 


Timer BO, Timer B1, Timer B2 


(3) STP, WIT instructions 
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The reset used to remove the state after executing the STP instruction (stop mode) or the state after 
executing the WIT instruction (wait mode) is a hardware reset. If a hardware reset is used to remove 
a stop mode or wait mode, the contents of the internal RAM are the contents before executing these 
instructions. The status of the other internal registers are the same as described in section “3.1.2 
Internal status at reset”. The contents of the internal RAM is not retained if a hardware reset is 
performed in cases other than stop mode or wait mode. 

lf STP or WIT instruction is to be executed after writing to internal RAM, SFR, external memory, or 
peripheral IC, insert NOP instructions in front of these instructions. Table 3 shows the number of NOP 
instructions to insert. 


Table 3 Number of NOP instruction to insert 
| Condition NOP instructions 

After writing to internal RAM and SFR 1 

After writing to external memory and peripheral |/C when the wait bit (bit 

2 at address 5Eie) is “1” 

After writing to external memory and peripheral I/O when the wait bit is 

“0” (one-wait mode) 


1 
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Appendix 4. Stop, wait, one-wait, Ready, Hold state 


Table 1 Stop, wait, one-wait, Ready, Hold state 


STP instruction | WIT instruction Wait bit RDY input HOLD input 
Parameter (stop mode) (wait mode) (one-wait mode) | (Ready state) (Hold state) 


Enabling condition 


Oscillator 
gi output 
E output 


Port status 


Watchdog timer state 


Removing of state 





Enabled in all operating | Enabled in all operating | Access external area with| In memory expansion In memory expansion 
modes modes processor mode register | mode or microprocessor | mode or microprocessor 
bit 2 set to “0”. mode _ mode 


Operating 
Sat Taal Operating 


Stop at “H” or “L” level. {Stop at “H” or “L” level. |“L” pulse width becomes | Stop at “H” or “L” level. | Stop at “H” level. 


twice at external access. 
Retain bus and port Retain bus and port Retain bus and port Ports PO, P1, P2, P3o, 
status when STP status when WIT status when “L" level is | P31 are floating. Ports 
instruction is executed. _| instruction is executed. applied. P32, P33 stop at “L” level. 
Ports P43-P47, P5, P6, 
P7, P8 retain status when 
“L" level is applied. 


























Stopped (set “FFFi6" in | Operating Operating Operating Stopped 
watchdog timer and 
select count source f32) 


Hardware reset or Hardware reset or Set processor mode Return RDY input to “H” | Return HOLD input to “H” 
accepting external accepting interrupt register bit 2 to “1”. level. level. 
interrupt 
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Appendix 5. Package outlines 


Dimension in mm 


0.35+0.1 08+0.15 


m | TT @ 


16.8+0.3 


Dimension in mm 


15.6402 


0.80 + 0.05 | 
12.0+0.15 
18404015 


178402 





Fig. 5 80-pin ceramic LCC (80D0) 


c 
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Appendix 6. Setting of unused pins 


Table 4 Setting example of unused pins in single-chip mode 


Pin Setting 
Ports PO-P8 Set to input mode and connect to Vss through a resistor (pull-down). 
E, Xout (Note 1) Open. 
AVcc Connect to Vcc. 
AVss, Vrer, BYTE Connect to Vss. 


Note 1 : When external clock is input to Xin. 


Table 5 Setting example of unused pins in memory expansion and microprocessor mode 
Pin Setting 

Ports P42-P47, P5—P8 Set to input mode and connect to Vss through a resistor (pull-down). 

BHE (Note 1), ALE (Note 2), Open. 

HLDA, Xour (Note 3) 


HOLD, RDY Connect to Vcc through a resistor (pull-up). 
AVcc Connect to Vcc. 
AVss, VReF Connect to Vss. 


Note 1: When BYTE=“H”. 
Note 2 : When BYTE="H” and address space is 64K bytes. 
Note 3 : When external clock is input to Xin pin. 


(1) Single-chip mode 


Ports PO—-P8 Ports P42-P47, 
(input mode) *  P5—-P8 (input mode) 


BHE 





Fig. 6 Setting example of unused pins 
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Appendix. 7 ROM ordering method 
Please submit the information described below when ordering Mask ROM and One time PROM. 


[Mask ROM] 

® Mask ROM Order Confirmation FOrin ...........ccceeescccccceseecccsesesecsueecenseeeceseeusessceusuatssersnseeensueess 1 set 
(There is a specific form to be used for each model.) 

@ Data to be written INtO MASK ROM ........ ce eessesessseescsceceeeeseeessesenesesccsessaeereusesseeerevesseess EPROM 
(Please provide three sets containing the identical data.) 

@ Mark Specification Form (described ON Page 309) oo... cececcessecsesceeeseseessnseneeeeceeeeseeeeeeees 1 set 

[One time PROM] 

@ Writing to PROM Order Confirmation FOrin......... ccc cccsessessccccccccecesssesessceccesesseesauseeausnsensnseeess 1 set 
(There is a specific form to be used for each model.) 

@ Data to be written into PROM DUiIt in... cesssesccenseesesseececeenssecsceteneeseseesscnenseesens EPROM 
(Please provide three sets containing the identical data.) 

@ Mark Specification Form (described ON page 309) ......cecccccccecesesesseeessnsseesseaesanaeseeeaeeees 1 set 

* 
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GZZ—SH02—45A< 99A0 > 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number} 
SINGLE-CHIP 16-BIT MICROCOMPUTER M37702M2-XXXFP a 


MITSUBISHI ELECTRIC ; 


Note : Please fill in all items marked 


Responsible . 
Company officer p 
name ( ) 



















2 > 
x | Customer G 3 
a Cee 
Date a D 
issued 
* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 
Checksum code for entire EPROM areas rt Tf (hexadecimal notation) 
EPROM Type - 


(1) Set “FF,.” in the shaded area. 
(2) Address 01g to 10;, are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 





notation. 
Address Address Address 
0 8 10 
] 9 
2 A 
3 B 
4 C 
5 D 
6 E 
7 F 





* 2. STP instruction option 
One of the following sets of data should be written to the option data address (1016) of the EPROM you have 
ordered. Check @ in the appropriate box. 


L] STP instruction enable Address 1016 
(1 STP instruction disable Address 1016 


* 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702M2-XXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 

* 4. Comments 
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GZZ—SH02—46A< 99A0 > 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number | 
SINGLE-CHIP 16-BIT MICROCOMPUTER M37702M2AXXXFP 


MITSUBISHI ELECTRIC 


Note : Please fill in all items marked 




















Responsible : 
name ( ) o 2 
e@ Cc = 
* | Customer Ss @ 
YY) Cc 
ss pee she 
‘i ” 
issued 
* 1. Confirmation 


Specify the name of the product being ordered and the type of EPROMs submitted. 

’ Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas Pt i [| (hexadecimal notation) 
EPROM Type : 
(1) Set “FF,.” in the shaded area. 
[|] 27256 L] 27512 (2) Address 01g to 1015 are the area for storing the 


data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 














notation. 
Address Address Address 
0 g 10 
1 9 
2 A 
3 B 
4 C 
5 D 
6 - E 
7 F 





x 2. STP instruction option 
One of the following sets of data should be written to the option data address (1015) of the EPROM you have 
ordered. Check @ in the appropriate box. 


(| STP instruction enable Address 1016 
L] STP instruction disable Address 1016 


* 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702M2AXXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 

* 4. Comments 
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x 


Issuance 
signatures 





EPROM Type - 













GZZ—SH02—47A< 99A0 > 
SINGLE-CHIP 16-BIT MICROCOMPUTER M37702M2BXXXFP 
MITSUBISHI ELECTRIC 
Company TEL 
name ( ) 
Customer 
Date 
issued 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMsS are required for each pattern (Check @ in the appropriate box). 
based on this data. We shail assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
Checksum code for entire EPROM areas rf tf | (hexadecimal notation) 
(1) Set “FF,,.” in the shaded area. 
data on model designation and options. This area 
must be written with the data shown below. 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 


Mask ROM number el 
MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number 
Note - Please fill in all items marked 
* 1. Confirmation 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
tained in the EPROMs submitted. 
Address 0g to 10; are the area for storing the 
Details for option data are given next in the sec- 
notation. 








Address Address Address 
0 8 10 
1 9 
2 A 
5) B 
4 C 
5 D 
6 E 
7 F 





* 2. STP instruction option 
One of the following sets of data should be written to the option data address (101¢) of the EPROM you have 
ordered. Check @ in the appropriate box. 


L] STP instruction enable Address 1016 


L] STP instruction disable Address 1046 


* 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702M2BXXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 

* 4. Comments 


~ 
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GZZ—SH02—36A< 98A0 > 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number] 


SINGLE-CHIP 16-BIT MICROCOMPUTER M37702M4-XXXFP 
MITSUBISHI ELECTRIC 





: Please fill in all items marked 


Responsible ' 


Company 
name 
*K | Customer 
Date . 
issued ; 


x 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas r | | i (hexadecimal notation) 


(1) Set “FF,,.” in the shaded area. 

[] 27512 (2) Address 046 to 10;, are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 






Issuance 
signatures 


EPROM Type : 








notation. 
Address Address Address 
0 8 10 
1 9 
2 A 
3 B 
4 C 
5 D 
6 E 
7 F 





x 2. STP instruction option 
One of the following sets of data should be written to the option data address (10,¢) of the EPROM you have 
ordered. Check @ in the appropriate box. 


[] STP instruction enable Address 1016 
1 STP instruction disable Address 10;¢ 


* 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702M4-XXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 

* 4. Comments 
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GZZ—SH02—37A< 98A0 > 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number} 
SINGLE-CHIP 16-BIT MICROCOMPUTER M37702M4AXXXFP a 


MITSUBISHI ELECTRIC ; 


Note : Please fill in all items marked 


ieee 
. upervisor 
Company officer 


name 
* | Customer 
Date ; 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
lf at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas | | (hexadecimal notation) 


(1) Set “FF,” in the shaded area. 

[] 27512 (2) Address Og to 1015 are the area fof storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 












Issuance 
signatures 


EPROM Type : 





notation. 
Address Address Address 
0 8 10 
| 9 
2 A 
3 B 
4 C 
5 D 
6 E 
7 F 





*X 2. STP instruction option 
One of the following sets of data should be written to the option data address (1016) of the EPROM you have 
ordered. Check @ in the appropriate box. 


[J STP instruction enable Address 1016 
[1] STP instruction disable Address 1046 


*% 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702M4AXXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 

*x 4. Comments 
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GZZ—SH02—38A< 98A0 > 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number] 


SINGLE-CHIP 16-BIT MICROCOMPUTER M37702M4BXXXFP 
MITSUBISHI ELECTRIC 





Section head| Supervisor 
signature signature 


Note : Please fill in all items marked 


Responsible , 


Company 
name 
*x | Customer Sa et 
Date ; 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas rf | fl (hexadecimal notation) 


(1) Set “FF,,” in the shaded area. 

L] 27512 (2) Address 015 to 101, are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 








Issuance 
signatures 


EPROM Type: 





notation. 
Address Address Address 
0 8 10 
1 9 
2 A 
3 B 
4 C 
5 D 
6 E 
7 F 





* 2. STP instruction option 
One of the following sets of data should be written to the option data address (10,6) of the EPROM you have 


ordered. Check @ in the appropriate box. 


L] STP instruction enable Address 1046 
L] STP instruction disable Address 1046 


x 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702M4BXXXFP) and attach to the Mask ROM Order Con- 


firmation Form. 
* 4. Comments 
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GZZ—SH02—54A< 99A0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | ROM number | 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37702E2-XXXFP 
MITSUBISHI ELECTRIC 





signatures 





* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 


Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 


If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas aan (hexadecimal notation) 
EPROM Type : 
Set “FF,” in the shaded area. 
[] 27256 C] 27512 : Address 016 to OF;g are the area for storing the 


data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 


Address Address 








“ID oO1 SP WP —- © 
AMOUOWDY OOD 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702E2-XXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

* 3. Comments 
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GZZ—SH02—55A< 99A0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | ROM number | 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37702E2AXXXFP 
MITSUBISHI ELECTRIC 





officer 
eeeponsinle upervisor 
Company officer 






name 


Date 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type. of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas 1 | ff (hexadecimal notation) 
EPROM Type: 
(1) Set “FF,,_” in the shaded area. 
[] 27256 [J 27512 (2) Address 015 to OFig are the area for storing the 


data on model designation. This area must be 


written with the data shown below. 
Address and data are written in hexadecimal 


* | Customer 


Issuance 
signatures 





notation. 
Address Address 
0 8 
1 9 
2 A 
3 B 
4 C 
5 D 
6 E 
7 F 





*X 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702E2AXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

x 3. Comments 
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GZZ—SH04—07A< 0ZA0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM [| Rom number | | 
SINGLE-CHIP 16-BIT MICROCOMPUTER | ae 
M37702E2BXXXFP 
MITSUBISHI ELECTRIC ~ signature 


Note : Please fill in all items marked: 




















Responsible . 
Company TEL i 
name ( ) 2 o 
* | Customer c = 
Cc 
Date , oD 
‘ 
* 1. Confirmation 
Specify the name of the product being ordered and the type. of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 
Checksum code for entire EPROM areas aE (hexadecimal notation) 
EPROM Type : 


(1) Set “FF,,” in the shaded area. 

Address Qig to OFig are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 

Address Address 











NOOR WPDH—-O 
mMMUOWPYwoOO 





* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702E2BXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

* 3. Comments 
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GZZ—SH03—67A< 07A0> | 
MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | ROMnumber | 


M37702E4-XXXFP : : 


MITSUBISHI ELECTRIC 











Note : Please fill in all items marked 


piles 
upervisor 
Company officer P 


name 
*x | Customer 


Date 


Issuance 
signatures 


issued 


x 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas (hexadecimal notation) 


EPROM Type : 
(1) Set “FF4,” in the shaded area. 


[] 27512 (2) Address 01g to OF;g are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 
Address and data are written in hexadecimal 
notation. 

Address Address 





“SID OB Ww DP — © 
m“mAmMoUQOWYrOoOOM 





* 2. Mark specification 


Mark specification must be submitted using the correct form for the type of package being ordered fill out the 


appropriate 80P6N Mark Specification Form (for M37702E4-XXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 


* 3. Comments 
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GZZ—SH03—70A< 07A0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | ROM number | 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37702E4AXXXFP 
MITSUBISHI ELECTRIC 





Section head! Supervisor 
signature signature 


Note : Please fill in all items marked 


C ofeer 
upervisor 
ompany officer P 


name 
* | Customer 
ie : 
ie 


* 1. Confirmation 
" Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. . 


Checksum code for entire EPROM areas | | ft (hexadecimal notation) 


(1) Set “FF,,” in the shaded area. 

[] 27512 (2) Address 016 to OF; are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 








Issuance 
signatures 


EPROM Type : 





notation. 
Address Address 
0 8 
1 9 
2 A 
3 B 
4 C 
5 D 
6 E 
yi F 





%* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702E4AXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

*x 3. Comments 
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GZZ—SH038—38A< 01A0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM [ROM number | 
SINGLE-CHIP 16-BIT MICROCOMPUTER : 
ate : 


M37702E4BXXXFP 
Sector head| Supervisor 
MITSUBISHI ELECTRIC 





Note : Please fill in all items marked* 


Responsible ; 
Supervisor 






Issuance 
signatures 


Company 
name 
* | Customer 
a! : 
a! 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas rt tf (hexadecimal notation) 


(1) Set “FF,” in the shaded area. 
L] 27512 (2) Address 015 to OF;g are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 
Address and data are written in hexadecimal 
notation. 

Address Address 


EPROM Type : 





NOOB WHO 
mmMoUQwd>roo 





* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702E4BXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

*x 3. Comments 
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8SOP6N (80-PIN QFP) MARK SPECIFICATION FORM 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special mark (if 
needed). 


A. Standard Mitsubishi Mark 








> — — —— Mitsubishi IC catalog name 





Mitsubishi product 
number (6-digit) 





- ——Customer’s Parts Number 
ef Note : The fonts and size of characters are standard Mitsu- 
bishi type. 
eee FS Mitsubishi IC catalog name 
Note1 : The mark field should be written right aligned. 

2: The fonts and size of characters are standard Mitsu- 
bishi type. 

3: Customer's parts number can be up to 14 alpha- 
numeric characters for capital letters, hyphens, 
commas, periods and so on. 

4:\f the Mitsubishi logo A is not required, check the 
box below. 

#. Mitsubishi logo is not required 


|_| 


Note1 : If special mark is to be printed, indicate the desired 
layout of the mark in the left figure. The layout will 
be duplicated technically as close as possible. Mit- 


C. Special Mark Required 


GOUMATAAUAOUU TATA H BUT Ate subishi product number (6-digit) and Mask ROM 
a number (3-digit) are always marked for sorting the 
— — products. 
— = 2:\f special character fonts (e.g., customer's trade 
== = mark logo) must be used in Special Mark, check 
Ss —— the box below. 
= = For the new special character fonts a clean font ori- 
— — ginal (ideally logo drawing) must be submitted. 
—r ——— Special character fonts required 

Y 14 

MHA HHHHHHHAAAHAARHHRHH - 

MUU UUOTOTU OU OU OCU o oe 
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Appendix 8. IC socket 
1. IC socket 
EPROM version of M37702 group (with 80-pin ceramic LCC package) can use IC sockets described 
below. 


@iC sockets for LCC package(80D0) provided by YAMAICHI ELECTRONICS Co., Ltd. 


Type name : IC61-0804—046 
Type name : IC61—0804-034 (low profile model for mounting on printed circuit board) 


20.0+0 3 


INDEX-1 


18.40+0 25 


18.420 15 


0.8 X 23 
0.8 X 23 





= nnn 


TOUCUUUUUUUOUoUU @ 11.0 (Be non-prominence 
in this circle 


IC extraction notch (two position 


position) 
3.25+0 15 


0.8 X 15=12 .010 25 





Fig. 7 IC socket (type name : IC61-0804-046) by YAMAICHI ELECTRONICS Co., Ltd. outline 
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| 
20.0 #03 ‘| 
| 
| 


15.0 (connective position) 


0.8 X15=120:015 


INDEX-1 


Pee 
SLanianiie= ani 





= 18.44015 
=18.44025 


00) 

Xi a 

x 

© x 

Go ee) 
° 


SSN 
Tm 
x 9 11 0 (Be non-prominence in this circle) 


IC extraction notch (two position) 
(depth 3 8) 
8.0+ 


position) 


(connective 
3 25+015 


0.8 +015 
0.8 X¥15=120+025 


(S=10/1 ) 





Fig. 8 IC socket (type name : IC61—0804-034) by YAMAICHI ELECTRONICS Co., Ltd. outline 


[Precaution when using IC socket] 

1. The profile of 1C61-0804-046 is higher than 1IC61—0804-034. 1C61—0804-—046 is an exclusive use of 
mounting on printed circuit board and easy to solder. 

2. Use IC61—-0804-046 and 1C61—0804-034 sockets for evaluation. 
Do not use these IC sockets mounting EPROM models for mass production. 
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2. Example of printed circuit board mount pad 

Figure 9 shows the example of printed circuit board mount pad. This mount pad can mount 80P6N 
package, and !C61—0804—046 and IC61—0804—-034 sockets provided by YAMAICHI ELECTRONICS Co., 
Ltd. which is described in “1. IC socket” . 

The mount pad shown in Figure 9 is one of examples. The user should consider the mounting condition 
and the standard when specifying the dimension for mass production board. 


0.8X23=18.4+01 


INDEX-1 position 


=12.0+01 


0.8X15 


19.8401 4- #1.6(Stand-off position) 


28.401 





Fig. 9 Example of mount pad on printed circuit board 
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Appendix 9. M66800SP/FP 


1. Overview 
The M66800SP/FP is a 16M-byte external memory control IC for the M37702 group. It uses a MAST 
(Mitsubishi Advanced Schottky TTL) process to enable fast operation. 


2. Features 
@ Supports no wait operation of the M37702 group under the following conditions: 
(1) Using 120ns (Max.) access time memory at source oscillating frequency of 12MHz 
(2) Using 100ns (Max.) access time memory at source oscillating frequency of 13MHz 
@ Internal read/write control circuit with independent read/write output 
® Two internal octal latch circuits for address 
@ Internal chip selectable circuit that can fully decode 16M bytes 
@ Internal Ready signal generation circuit 
@ Pin assignment that facilitates connection to M37702 group 
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Q 
oh 
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Fig. 10 M66800SP/FP pin configuration 
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D 
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R/W 
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AD20 
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AD17 
AD16 
AD15 
AD14 
AD13 
AD12 
AD11 
AD10 
AD9 

AD8 

ADO 
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Appendix 10. Instruction code table 
INSTRUCTION CODE TABLE-1 


Ne 0000 0010 0011 — 0101 0110 0111 at 1001 1010 1011 is 1101 1110 1111 
Hexadecimal 
SEB 

A,(DIR,X) A,SR | DIR,b | A,DIR | DIR [A.L(DIR) A,IMM ABS,b | AAABS} ABS |} A,ABL 

ORA | ORA CLB ORA ASL CLB 
ee SR),Y! DIR,b |A,DIR,X} DIR,X JAL(DIR A,ABS,Y ABS,b |A,ABS,X| ABS,X {A,ABL,X 
PLP 
A(DIR.X)} ABL A,SR_|JDIR,b,R} A,DIR DIR [A,L(DIR) A,IMM ABS,b,R| A,AABS | ABS | A,ABL 








O |: 
D 
> 















SEC 
Sele DIR,b,R/A,DIR,X| DIR,X |A\L AABS,Y| A ee ze 
Note 1 PHA 
A,(DIR,X) ASR A,DIR | DIR |AL(DIR) A,IMM ABS | A,ABS| ABS | A,ABL 
CLI 
A,DIR,X| DIR,X [AL A,ABS.Y 
LDM 
PLA 
A,(DIR,X) A,SR A,DIR | DIR |AL(DIR) A,IMM (ABs) A,ABS | ABS | A,ABL 
ADC ADC 
A,(DIR),YJA,(DIR)|A,(SR),Y DIR,X [AL A,ABS (ABS. IA A,ABS,X| ABS,X |A,ABL,X 
DEY | Note 2| TXA 
REL |A(DIRX)| REL | A,SR DIR |A,L(DIR) A,ABS |} ABS | A,ABL 


> 
ive] 
”n 
oc 
Bs) 
> 
> 
ius) 
Nn 
Es 
> 
88) 
Nn 
x 
> 
> 
@ 
rT 
x 






DIR,X |A,DIR,X 








4 
> 

> 

a8) 

[— 

> 

> 

ise) 

N 

x 

> 

w 

io) 

x 

> 

> 

ies) 

TC 

x 


STA 
1001 
ref Bein R),Y} DIR,X |A,DIR,X} DIR,Y i A,ABS,Y A,ABS,X| ABS,X |A,ABL,X 
1010 A 
IMM §JA,(DIR,X)| IMM | A,SR A,DIR | DIR |A,L(DIR) A,IMM A,ABS| ABS | A,ABL 
LDA 
1011 
A,(DIR) ve DIR)|A,(SR),Y} DIR,X |A,DIR,X| DIR,Y {AL(DIR),Y A,ABS,Y ABS,X |A,ABS,X} ABS,Y |A,ABL,X 
DEC ; CMP 
1100 C WIT 
IMM_ {A(DIR,X) A,DIR | DIR |AL(DIR) A,IMM ABS |A,ABS} ABS | A,ABL 
DEC | CMP 
1101 D 
A,(DIR),YJA, A,DIR,X| DIR,X A,ABS,X| ABS,X |A,ABL,X 
1110 NOP | PSH 
IMM_ |A,(DIR,X) A,DIR | DIR |A,L(DIR) : ABS ;A,ABS; ABS | A,ABL 
SBC SBC SBC SBC INC 
1111 BEQ SEM PLX PUL 
A,(DIR),YjA,(DIR)|A,(SR),Y A,DIR,X} DIR,X jAL(DIR),Y A,ABS,Y (ABS,X) |A,ABS,X! ABS,X |A,ABL,X 


Note 1 : 42. specifies the contents of the INSTRUCTION CODE TABLE-2 
About the second word’s codes, refer to the INSTRUCTION CODE TABLE-2 
2: 8916 specifies the contents of the INSTRUCTION CODE TABLE-3 
About the third word’s codes, refer to the INSTRUCTION CODE TABLE-2. 






BIEREII ; 
ml 





PH STP 
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INSTRUCTION CODE TABLE-2 (The first word’s code of each instruction is 42,,) 


0000 ; 0001 | 0010 aad 0100 | 0101 a 0111 fe ind ed 1017 | 1100 | 1101 ; 1170 | 1111 


ee B,DIR ah oR) TI IMM ete BABS - BABL 
ORA 
pa Y|B,(DIR)|B,(SR),Y B,DIR,X B,L(DIR), B,ABS,Y B,ABS,X B,ABL,X 











Hexadecimal 
notation 


a 


0000 


AND | ROL AND AND 
ree X) B,SR B,DIR B,L( DIR) B,IMM B,ABS B,ABL 
AND INC AND 
ome (DIR)/B,(SR),Y B,DIR,X B,L(DIR), B,ABS,Y B,ABS,X B,ABL,X 
EOR EOR 
B,(DIR,X) B,SR B,DIR B on B,IMM B,ABS B,ABL 
im B,(DIR),Y|B,(DIR)|B 28,2 DIR imc DIR), | te ABS, im ae 
ADC 
B (DIRX) B,SR B,DIR B,L( DIR) B,IMM B,ABS B,ABL 
ADC | ADC ADC 
B,(DIR),Y/B,(DIR)/B,(SR),Y B,DIR,X B,L(DIR), B,ABS,Y B,ABS,X B,ABL,X 
STA STA STA 
TXB 
B,DIR B,L(DIR) B,ABS B,ABL 
STA STA STA STA STA 
TYB 
B,DIR,X aes B,ABS,Y B,ABS,X B,ABL,X 
LDA LDA 
TBX 
B,ABS B,ABL 
LDA LDA 
B,ABS,X B,ABL,X 
CMP 
B,IMM B,ABS B,ABL 
B,ABS, Scr — 
=i B,IMM “| fh Eile 
SBC 
B,ABS,Y B,ABS,X B,ABL,X 


001] 


0101 





0110 
0111 
1000 


1001 


STA 
B,(DIR,X) 
STA 
oe B,( 
ja | Ah 
oe un} leona| hue 
emf ie B,DIR onl hu 





1011 










CMP CMP 
B, 7 B,(DIR) oat B,DIR,X 
Cer ac B.DIR 
Le (01R),¥/B,(DIR)|B feel Ee LOR), 





° 
w w BD 
BS = O|F 
oO 
=) 3 —) 
= ney mw 
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INSTRUCTION CODE TABLE-3 (The first word’s code of each instruction is 89,,) 


mee 0011 pay 0110 | 0111 1000 | 1001 | 1010 | 1011 1100 | 1101 1110 | 1111 
Peter L(DIR) petttets 
MPY | MPY MPY 
DIR,X L(DIR),Y ABS,Y ABS,X ABL,X 
XAB 
DIR L( DIR) IMM ABS 
DIV DIV DIV DIV DIV 
DIR,X L(DIR),Y ABS,Y ABS,X ABL,X 
RLA 
IMM 








Hexadecimal 
notation 


at 







0000 


> Oo 
Be § 


(DIR) 


ia 
amine 


— oO 
oO — 
— —_ 


0111 


1010 


1100 


1110 


1111 


—_— fo) 
Oo — 
So — 
—a (on) 
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Appendix 11. Machine instructions 
MACHINE INSTRUCTIONS 


Addressing mode 
Symbol Function IMP Fimm | a | oIR | DIR» | D 
0] [oon fn} mop] m| fon] | on 
42 
61 


2 
x< 
g 
a 
~< 
Qo 
Be) 
re) 
a 
cas 
=] 
= 
ts 












ADC Acc,C + Acc t+M-+C | Adds the carry, the accumulator and the memory contents 
(Note 1,2) The result 1s entered into the accumulator When the D 
flag is “O”, binary additions is done; and when the D flag is 
“1”, decimal addition is done 















AND 
(Note 1,2) 


Obtains the logical product of the contents of the accumu- 
lator and the contents of the memory The result is en- 
tered into the accumulator 
























ASL m=0 Shifts the accumulator or the memory contents one bit to 
(Note 1) [Cc] bis| | bo l+-0 the left “0” ts entered into bit 0 of the accumulator or the 
ee] memory The contents of bit 15 (bit 7 when the m flag is 


“1") of the accumulator or memory before shift is entered 
into the C flag 


[C]—|_b7] [bo +0 





Tests the specified bit of the memory Branches when all 
the contents of the specified bit is “O” 







Tests the specified bit of the memory Branches when all 
the contents of the specified bit is “1” 






Branches when the contents of the C flag ts “0” 








2 ee ee eens eee 
See (ESE ESS Se eae ees Deere! 
aad Danes Ss 


Branches when the contents of the C flag ts “1” 








BEQ z=1° Branches when the contents of the Z flag 1s “1” 
(Note 3) 
BMI N=1? Branches when the contents of the N flag is “1” 
(Note 3) 
BNE z=0° Branches when the contents of the Z flag is “0” 
(Note 3) 
BPL N=0? Branches when the contents of the N flag is “0” 
(Note 3) 
BRA PC+PCoffset Jumps to the address indicated by the program counter 
(Note 4) | PG-PG+1 plus the offset value 
(carry occured) 
PG+-PG-—1 
(borrow occured) 
BRK PC+-PC+2 Executes software interruption 


M(S)+-PG 
S+S-1 
M(S)—PCy 
S+S-1 
M(S)*PC_ 
S-S—] 
M(S) PSH 
S-S—] 
M(S)*-PS. 
S+S-—]1 
I] 
PC_*+-AD, 
PCys-ADy 


PG—001¢ 


CLEP TET 
SAUER GRU S0RS00SROGRHORD 
CCE 


BVC v=0? Branches when the contents of the V flag is “0” 
(Note 3) 

BVS Vv=1? Branches when the contents of the V flag ts “1” 
(Note 3) 

CLB Mb--0 Makes the contents of the specified bit in the memory “0” 
(Note 5) 


CLC Cc+-0 Makes the contents of the C flag “0” 


ey a Ce a a es 


Pe 


CLI 1-0 Makes the contents of the | flag “0” 





CLM m0 Makes the contents of the m flag “0” 








Specifies the bit position in the processor status register by the bit 
pattern of the second byte in the instruction, and sets “0” in that bit 











Makes the contents of the V flag “0” 






Compares the contents of the accumulator with the contents of 
the memory 






(Note 1,2) 


42/10] 3 


OR De Se 


e8 
PAT 
Ww 
oe oie 
a 
pears, 
AR 8 
eS 
| ww | 
ees 
feces ow ef 
nen 
Zsl 8! 
PN 
Pw oN 
Wiel 
Sa 2 
a 


ee Es eee 
eee CC) eae Ed 
eae Tl ee ee 
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Addressing mode 
Symbol Function Fimp [imm | a | on | oir | DIR,X | DIR,Y | (DIR) | (DIR,X) | (DIR),Y 
. 9 *{op foo] n | 


CPX X—M Compares the contents of the index register X with the 
(Note 2) contents of the memory 

CPY Y-M Compares the contents of the index register Y with the 
(Note 2) contents of the memory 


DEC Acc*-Acc—1 or Decrements the contents of the accumlator or memory by 
(Note 1) | M+-M—1 1 


Decrements the contents of the index register X by 1 
Decrements the contents of the index register Y by 1 


DIV A(quotient)+-B,A/M __ | The numeral that places the contents of accumulator B to the higher order and the 
(Note 2,10) | B(remainder) contents of accumulator A to the lower order is divided by the contents of the memory 


The quotient is entered into accumulator A and the remainder into accumulator B 
EOR Acc*~Acc¥M 
(Note 1,2) 
INC Acc*Acct1 or 
Note 1) M -—M+1 


( 
Increments the contents of the index register Y by 1 
M 


JMP ABS Places a new address into the program counter and jumps 
PC, + ADL to that new address 
PCy + ADy 
ABL 
PC, + ADt 
PCy + ADy 
PG+ADg 
(ABS) 

PC. +-(ADx, AD) 

PCy —(ADp, AD. +1) 

L(ABS) 

PC, +-(ADy, AD,) 

PCy -(ADy, ADL +1) 

PG —(ADuy, AD. +2) 

(ABS, X) 

PCL (ADH, AD, +X) 

PCy + (ADy, ADL +X 
+1) 

JSR ABS Saves the contents of the program counter (also the con- 
M(S)+- PCy tents of the program bank register for ABL) into the stack, 
S+S-—] and jumps to the new address 
M(S)*= PC 
S-S-]1 
PC, + ADL 
PCuH = ADy 
ABL ) 

M(S)+- PG . 
$+S-—! 
M(S)=- PCy 
S+S-—] 
M(S)+-PC, 
$+ S-] 
PC. + ADL 
PCH <i, ADy 
PG ADg 
(ABS, X) 
M(S)+- PCy : 
$-S-] 
M(S)+- PC, 
S+S—] 
PCy +-(ADy, ADL +X) 
PCy (ADH, ADL +X | 
oe) ; 
















feist tote 
j 

32 21 3] 
auna@aul 
fer care 

D2 4] 91 




















Logical exclusive sum 1s obtained of the contents of the 
accumulator and the contents of the memory The result ts 
placed tnto the accumulator 


Increments the contents of the accumulator or memory by 


Fe ea) aaa eta Fk io eee eee eee 
Ss Co eas as 
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Addressing mode Processor status register 
mba reson] sn [smd.v] atx ho[e]e|7|]5]4]3]2] 1] 


L(DIR){L(DIR),Y} ABS | ABS,b | ABS,X| ABS,Y ABL,X | (ABS) |L(ABS) (aBsx)] STK | REL |D 
eof lel ol leon] ell ln alee fells al ol tela felalol@bal fela[aal [wl }x/o| 1 |z/¢} 
PLP Base Pa tropes Pap eat te Ree 

PPE TATA 

PSPs TOM SI ae alo Uetlect-ott  eehistead Ica Sea EO 

eaesloal 0a) sell LCi stestectall aeseajei toolshed! FEET RRaSEDEE 
89/35} 3 {89/36 29} 4 89}31| 4 189/31) 4 189/31! 5 |89}32) 5 89{30} 3 189/33] 3 V ZAG 
ieee eae LE Ih iil 
Peer ERE) || BER PEECEPE PEP 
pepe fe Be ‘P Spee 
47 57 4D 9 4F 5F 
HE EH aa En fH. PEEL EEE 

Palla ZeReGee RGB eee 





i 
a 
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Addressing mode 


LDA Acc -M Enters the contents of the memory into the accumulator 
(Note 1,2) 
42 
Ag 
fe 





ae aa 
ap] (8 | 
o 2 SY 
2 
ae eee 
= Ble 


LDM + IMM Enters the immediate value into the memory 
(Note 5) 
ee — IMM Enters the immediate value into the data bank register 


Enters the contents of the memory into index register X AG) 4/2 5\2 
inde 2) 

Enters the contents of the memory into index register Y hi 
ee 2) 


LSR Shifts the contents of the accumulator or the contents of ul Ea 7\2 56| 7 
(Note 1) Pind Tebee the memory one bit to the right The bit 0 of the accumula- 
= tor or the memory is entered into the C flag “O” is entered Ke 
“2 into bit 15 (bit 7 when the m flag is “1” ) 4A 
O-/ bz] _|bo jc 
Multiplies the contents of accumulator A and the contents of the mem- i 89 89/20; 3 189/21) 3 |89}22) 3 
(Note 2,11) ory The higher order of the result of operation are entered into accu- 15 12 01 im 
mulator B, and the lower order into accumulator A 
MVN 
(Note 8) 
MVP Mn—-i*-Mm-—1 Transmits the data block Transmission is done form the 
(Note 9) higher order address of the data block 
NOP cee 


PC+PC+1 Advances the program counter, but performs nothing else aad ag Reaeee 
wok 
2) 6) 3 
5 


ORA Acc*-AccVM Logical sum per bit of the contents of the accumulator and 
(Note 1,2) the contents of the memory is obtatned The result is en- 


tered into the accumulator 

M(S)*+-IMM2 The 3rd and the 2nd bytes of the instruction are saved into 
S+S—] the stack, in this order 
M(S)+-IMM; 
S+S-—] 
M(S)+-M((DPR)+IMM | Specifies 2 sequential bytes in the direct page in the 2nd 

+1) byte of the instruction, and saves the contents into the 
S+S-—l stack 
M(S)*-M((DPR)-+IMM) 
S-S-—] 
EARPC+IMMo,IMM Regards the 2nd and 3rd bytes of the instruction as 16-bit 
M(S)-EARH numerals, adds them to the program counter, and saves 
SS] the result into the stack 
M(S)*-EARL 
S+S-—] 


Saves the contents of accumulator A into the stack All TAT 
Saves the contents of accumulator B into the stack iil ATA 


| SR S18 | 
i Pe ee 
pt a | 




















MPY 





Mn+i+-Mm-+1 Transmits the data block The transmission is done from 


the lower order address of the block 


cs oS 

vey tt 
| a} | 
Paes Se ee 


2 
9 


[=] 
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Addressing mode Processor status register 
L(DIR) cee ABS, | |ABS.X ABS,Y | ABL,x | (ABS) | | ABL,x | (ABS) | L(ABs) L(ABS)|(ABS.x) REL | DIRbA | ABSD,R |(SR).Y| Y} BLK {10 fa{e{7(6{5/4/3/2|1fo 
mere ery nat] tee [N]v 


jv}mm|x}0| 1] 2/¢| 
Zz 
FLT 
sca MATA TMGN OHA 
17 OF 
HAVANT Ee 
inp eee 


| 3 |: 
[3 | 
Ea 
>| 
Ea: 
3 | 
| | 2 | 


ee 


[aes (Sees Inet eee: Pes EF 
eS eee 
a 


ERE 
42 
48 
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Symbol Function Fimp | imMM | Aa DIR. | DIR,X | DIR,Y | (DIR) | (DIR,X) | (DIR),Y 
+f ol] @|eolo2 HESne 


S)*-DPRy Saves the contents of the direct page register into the (i 













Saves the contents of the program status register into the 
stack 


M(S)+-DT Saves the contents of the data bank register into all 
S-S-—1 stack 
x=0 


Saves the contents of the index register X into the stack 







ioral stack ih 


M(S)*-DPR, 
S+S-l 

Saves the contents of the index register Y into the stack A | | 
Restores the contents of the stack on the accumulator A I | 
Restores the contents of the stack on the accumulator B | TT 


Restores the contents of the stack on the direct page reg- 
DPR.+-M(S) ister 
S-S+1 
DPRy+-M(S) 
Restores the contents of the stack on the processor status 
register 


Restores the contents of the stack on the data bank reg- Baa eae AEE PaCe Reece 
ister 


Restores the contents of the stack on the index register X 
f 
H 
x=] 
| Se-S76i 
XL-M(S) 
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L(oIR)]L(OR)y] ABS ABS | ABS,b | ABS.x | ABS,Y | ABL | | ABLX| (ABS) | L(ABS) s) (aBsx)| STK | | STK | | REL DRA | ABS.DR | | sR | ate eee 
Ser eeabh es benecnakhieeaeebieteeck i rT C 
PEO COVEL EERE ECOE EEE EP CReUMGSEr Ee MO Cht LE EEDCEME EME ae 
iii 
68 


ences mode Processor status register 
“iio ll : ) Nl 
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(ed ee 
ate es =e 
fie ee es 



















M(S)+A, B, X- Saves the registers among accumulator, index register, 
direct page register, data bank register, program bank 
register, or processor status register, specified by the bit 


pattern of the second byte of the instruction into the stack 


Da se en YO | 
a ee eee 





Restores the contents of the stack to the registers among 
accumulator, index register, direct page register, data 
bank register, or processor status register, specified by 
the bit pattern of the second byte of the instruction 






Rotates the contents of the accumulator A, n bits to the 
left 





Links the accumulator or the memory to C flag, and rotates 
result to the left by 1 bit 
















mn 


PUL 
(Note 7) 
n bit rotate left 
n bit rotate left 
ROL m= 
(Note 1) 
ROR m=0 Links the accumulator or the memory to C flag, and rotates Hey 76|7| 2 
(Note 1) Lane result to the nght by 1 bit 
[c]—-[bis|__[ bo : 42 
6A 
RTI 
S+S+] Returns from the subroutine The contents of the program 
PC_+-M(S) bank register are not restored 
S-S+l 
PCy*-M(S) 


Addressing mode 
symbo FUctioh ae ao Le pinxx | b1R.y | (DIR) [(OIRH | (IRD 
RLA m 89 i 3 
(Note 13) 4g|t 
[ b7| | bo | 

m=1 

S+S+] Returns from the interruption routine 

PS_-M(S) 

S+S+1 

PSy*+-M(S) 

S+S+] 

PC,+-M(S) 

S-St+] 

PCys-M(S) 

S-S+1 

PG-M(S) 
SBC Acc, C*-Acc—M—C | Subtracts the contents of the memory and the borrow from dl A B E fl F5/ 5 2|6 42 fA ala 
(Note 1,2) the contents of the accumulator 

2/8} 3 : 
a S iu 2 ca 


Restores the contents of the stack on the index register Y | 
PSH 
(Note 6) 
=0 
m=1 
0 He 7\2 36) 7} 2 
[bis] -_ | bo }+-[C] ih 
Menace 
RTL S-S+] Returns from the subroutine The contents of the program 
PC_+-M(S) bank register are also restored. 
S-S+1 
PCy*-M(S) 
S+S+1 
PG-M(S) 
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max nos aes mode Processor status register 


L(DIR)| L(oiR)y| ABS ABS ABS, | ABS.X| | ABSY | | ABL | ABLX| (ABS) LABS) s) (aBsx)] STK | STK | REL | DIR |  ABS.DR | | sh | (SR).Y BLK | Bik |19/ 9| '3}7|6/5]/4]3]2{1Jo| 


il le lll | o| nln fon] nn] nfo] na eae See 


oo 


EB ue 2 

nan 
Ee 2 FE restored the contents of PS, 
- i it becomes its ae And the 
ee [2 case Is no ae 


il TAA i - 


te | LT I 
LCT He I 
eu 
































dad i 


3 |F9 ia fu Hh ol»leleizic 
3 [42 A181] 4 l42lal 4 l42l 8 |5 l42 i li 
a ED rol | trol | lee | Ire 


< 








> 
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Addressing mode 


Details DIR,b | DIR,X } DIR,Y | (DIR) | (DIR,X) | (DIR),Y 


Makes the contents of the specified bit in the memory “1” 


Symbol Function 


SEB Mb] 
(Note 5) 
SEC Makes the contents of the C flag “1” 
1 


Makes the contents of the | flag “1” 
Makes the contents of the m flag “1” 





PSb+1 Set the specified bit of the processor status register’s low- 
er byte (PS_) to “1” 


3 


STA M+Acc 
(Note 1) 


STP 





x< 


Stores the contents of the index register X into the memory rail 
Stores the contents of the index register Y into the memory Za 


TAD DPR-A Transmits the contents of the accumulator A to the direct [5B] 2 
page register. 


A Transmits the contents of the accumulator A to the stack pointer. 18] 21 | 


i?) 
o 
< 
= 
t 
< 


n 

4 
ui 

= 


= 
” 
ip) 
t 
> 


TAX XA Transmits the contents of the accumulator A to the index JAA] 2] 1 
register X. 
TAY 


< 
i 
> 


TBD DPR+B Transmits the contents of the accumulator B to the direct [42) 4 | 2 
page register 5B 


TBS 


n” 
t 
w 


pointer 


Transmits the contents of the accumulator B to the index |42) 4 | 2 
register X AA 
Transmits the contents of the accumulator B to the index |42 
register Y AB 


TDA As-DPR Transmits the contents of the direct page register to the |7B] 2 
accumulator A 


Transmits the contents of the accumulator B to the stack [42| 4 | 2 
1B 
TBX 


TBY 





TDB B--DPR 


accumulator B 


< x 
Li 
) w 


o 
o 
if 
> 
t 
n 


Transmits the contents of the stack pointer to the accumulator A 


-+ 
o 
w 
3) 
t 
7) 


Transmits the contents of the stack pointer to the accumu- 
lator B 


TSX Transmits the contents of the stack pointer to the index |BA/ 2 
register X 
TXA Al 





mulator A 


Transmits the contents of the index register X to the accu- 
mulator B 
TXS Transmits the contents of the index register X to the stack a 
pointer. 


TXY YX Transmits the contents of the index register X to the index 2{) 
register Y 
TYA A--Y Transmits the contents of the index register Y to the accu- Hee i f 


X-S 
As-X Transmits the contents of the index register X to the accu- 
B-x 


Transmits the contents of the direct page register to the i 





mulator A 


TYB BY Transmits the contents of the index register Y to the accu- |42/ 4 | 2 
mulator B 98 

TYX XY Transmits the contents of the index register Y to the index |BB) 2 
register X 


WIT Stops the internal clock 1 


XAB ASB Exchanges the contents of the accumulator A and the con- af 
8 





nN 


tents of the accumulator B 
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Si ee sammie EC A DS ee De Er a ne Oe re 2s 
a a an ee es See ee FE FS Oe eae ae ee ee ee 
ae el a el Hf ES Sa ES Ee ce ae a a a 
ees ae eR inca eae a (Eade) a a a ee ee ee a 
RL eee ee ee ee ee Se ee ee Se ee 
eae eal 2 & HEE ES cD mes ee Ee ee ee eee 
B{e [2 ed ne Ee ee ee jz [2 [2 [2/2 [2 {2 [2 |- Jz [2 |2 |2 |-l2 | 
8,2] ESR FEC a eG a a a a a a Oe Ee ee ee ee 
ig Face f-secure Ud CaCI Sc kt Peco) OS (ce ced ce) emer a 
= Ha FS a ca Ce PES Sa 0 A OS Fa a a 
al a eed a LE SE FR Ra Pa FARR (eS | Hn ne Re, Sa) ee 
2 le ey aes el ee ee es Hoel Sere eal te ad es ee aes 
ae ee nd OS ST AS a 

ge) a ee ee 
AE = ae) BAR CR dP a Wa FR EN (eR Sa LN (P(N TP (Fe 
ec ee ee 
Soeceeaee Pap P EE SFP 

<[s[ Ty ESR AR PRR (er Sa (| as (SP [Paes (ae Ea CE 

ck an eB (ES a (Scare ee Fa (ce Ge nec re semen em Fe ad Ie’ Come OO pecan’ (Oy (RI, [RO (PEO, (eae [Oey (OE! 
sre, [fit | ae (es eee Fa a SES (ame eal RR AR ae eae ee | eS 
ES Ee A A (eR Ra Da ER FR SE aaa RE ee ah (ae eae ae a aed (eee eas ee es 
ae ae ia RE GRR eer ele Pea see cer (anes ORIN (er a (roe ee eres een (ers eee ee Peace eee el: See oo) 


















































5 SS S——S——————————————————————————— 
24 SS a SS ee ee eer Be ee es a ee ee Ce a A (FE) (As en ae Deeg a ee ee ee 
Fre om =m OO RCS Pern A) NP FR Rn Gy an, RRS SAR RS SE EY ae PENN: AER aT) RR) RNa (RERR (eearaae eal ee ee ae a ee 
3| 9 pet ff ff ff ft ttt 
Bae i ae en See Se —— — -}-- +—1- 
A= PA GTS SU en (A GE OA (ENN Sa (Ra Gr (A FSR SD ND Fe cee Tee eee es aes 
7 a EP HR eH ee ee ee a ae ee es ee ee ee ee ee ee ee ee 
5|2 SS a a a FR DL (ey ee (ime (Se (een eer (A (Re, (p(y PE (ee ee i ee ee 
Bile =f tt ft 
2s iar Ec [Scam I LE ge GRR FE Fe ee ee ee a ee ee ee ee ee 
7 ee ee aD Ee eC ed en er a nee ee Oc pe Ce ne 
= oe a Wane ae Sd (asl eee eres ees Eres [Seg (teat geen eee: eine) eee ees aed ae ee 
Re SO a ES ME DR a Haat FR FR Wa a a a ee FI (I Se (el (es (ee ee es a 
oat 3 eee ee Ba am 6 FD a (es Ga Fan ean (ea cere emer (rie (ae ee en a rae ee ae 
x pet ft tte fe ff 
2g a Ss GA a a Ha (ea (ee eae ee ee ee es ee ee ee Ee ee eee 
ccd Dd a =e C8 He Pe Ec ek alae Se en ee ed Mk Nice ae ee Ne Senet en alee eee ec cl 
7! ed es Ce es et me Gu ml a DG es ce ee ns Ee Gr eel al 
Ag A (eT Ee nea ee a aaa ices (es nee eae ee (ne eee Fee ee eer ae ee 
SO es Us alas We Ae se Mee te lee ae Se eee ote eae | et eee a eee Ae eV ance om [ese she oe eee eee 

2 a NR ER a Ce ee ee Fe ee ees ee 2 ae ee ee ee ee 
Bt A Se ae aa SO a i Ca Ga a, nae Ree (a (a ee me ele ee ee es es ee 
Pepe i set oe 2 als 2 es Ne Te +} —} f+ +} [ieee as aa (eee oes) epee Gare ae 
ye Pee De a ee ae a ee -——-+—-} + ++ fered: ohn oll 28 ine edi at Mee ed 
== (= a PE PRD Ea 0D De Da Feet ee ee aes a Re a a (ea |e a ee ie (es ee ee a ee ee 
Ee ae a Coe Lf fafa tpt Fp  —+ +11 
cay 2 Ma (Sn a a a a ee ee ee ee ee Sai, (ead (SARs are aren) eerie Camas Sa (Re (a ee ee 
a a wd eee | I ee ee ee 
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Symbols in machine instructions table 


IMP 
IMM 

A 

DIR 

DIR, b 

DIR, X 

DIR, Y 
(DIR) 

(DIR, X) 
(DIR), Y 

L (DIR) 

L (DIR), Y 
ABS 

ABS, b 
ABS, X 
ABS, Y 
ABL 

ABL, X 
(ABS) 

L (ABS) 
(ABS, X) 
STK 

REL 

DIR, b, REL 
ABS, b, REL 
SR 

(SR), Y 


BLK 


+52<3* O-NO 
vu 


<> 
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Implied addressing mode 

Immediate addressing mode 

Accumulator addressing mode 

Direct addressing mode 

Direct bit addressing mode 

Direct indexed X addressing mode 

Direct indexed Y addressing mode 

Direct indirect addressing mode 

Direct indexed X indirect addressing mode 
Direct indirect indexed Y addressing mode 
Direct indirect long addressing mode 

Direct indirect long’ indexed Y addressing mode 
Absolute addressing mode 
Absolute bit addressing mode 

Absolute indexed X addressing mode 
Absolute indexed Y addressing mode 
Absolute long addressing mode 

Absolute long indexed X addressing mode 
Absolute indirect addressing mode 
Absolute indirect long addressing mode 
Absolute indexed X indirect addressing mode 
Stack addressing mode 

Relative addressing mode 

Direct bit relative addressing mode 

Absolute bit relative addressing mode 

Stack pointer relative addressing mode 


Stack pointer relative indirect indexed Y addressing 
mode 


Block transfer addressing mode 
Carry flag 4 

Zero flag 

Interrupt disable flag 

Decimal operation mode flag 
Index register length selection flag 
Data length selection flag 
Overflow flag 

Negative flag 

Processor interrupt priority level 
Addition 

Subtraction 

Multiplication 

Division 

Logical AND 

Logical OR 








Exclusive OR 

Negation 

Movement to the arrow direction 
Accumulator 

Accumulator’s upper 8 bits 
Accumulator’s lower 8 bits 
Accumulator A 

Accumulator A’s upper 8 bits 
Accumulator A’s lower 8 bits 
Accumulator B 

Accumulator B’s upper 8 bits 
Accumulator B’s lower 8 bits 
Index register X 

index register X’s upper 8 bits 
Index register X’s lower 8 bits 
Index register Y 

Index register Y’s upper 8 bits 
index register Y's lower 8 bits 
Stack pointer 

Program counter 

Program counter’s upper 8 bits 
Program counter’s lower 8 bits 
Program bank register 

Data bank register 

Direct page register 

Direct page register's upper 8 bits 
Direct page register's lower 8 bits 
Processor status register 
Processor status register’s upper 8 bits 
Processor status register’s lower 8 bits 
Processor status register’s b-th bit 


Contents of memory at address indicated by stack 
pointer 


b-th memory location 


Value of 24-bit address’s upper 8-bit (Az3~Aj46) 
Value of 24-bit address’s middle 8-bit (Ays~Ag) 
Value of 24-bit address’s lower 8-bit (A7~Ao) 
Operation code 


Number of cycle 

Number of byte 

Number of transfer byte or rotation 
Number of registers pushed or pulled 


APPENDIX 


, 
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The number of cycles shown in the table is described in case of the fastest mode for each instruction. The number of cycles shown in the table is 
calculated for DPR_=0. The number of cycles in the addressing mode concerning the DPR when DPR_+0 must be incremented by 1. 

The number of cycles shown in the table differs according to the bytes fetched into the instruction queue buffer, or according to whether the memory 
read/write address is odd or even It also differs when the external region memory is accessed by BYTE=“H”. 


Note 


Note 


Note 


Note 


Note 


Note 


Note 


Note 


Note 


Note 


Note 


Note 


Note 


1. The operation code at the upper row is used for accumulator A, and the operation at the lower row is used for accumulator B. 
2. When setting flag m=0 to handle the data as 16-bit data in the immediate addressing mode, the number of bytes increments by 1. 
3. The number of cycles increments by 2 when branching. 


4. The operation code on the upper row is used for branching in the range of —128~+127, and the operation code on the lower row is used for 
branching in the range of —32768~+32767. 


5. When handling 16-bit data with flag m=O, the byte in the table is incremented by 1. 


6 


[ Type ofregister | A | B | X | Y | DPR| DT | PG | PS | 


The number of cycles corresponding to the register to be pushed are ‘added. The number of cycles when no pushing is done is 12. 1, indicates 
the number of registers among A, B, X, Y, DPR, and PS to be saved, while iz indicates the number of registers among DT and PG to be saved 









ee 


Type of register 





Number of cycles 3 


The number of cycles corresponding to the register to be pulled are added. The number of cycles when no pulling is done is 14. i, indicates the 
number of registers among A, B, X, Y, DT, and PS to be restored, while 12=1 when DPR is to be restored 


8. The number of cycles is the case when the number of bytes to be transfered is even. 
When the number of bytes to be transfered is odd, the number ts calculated as; 


7+ (1/2) X7+4 
Note that, (i/2) shows the integer part when i is divided by 2 


9. The number of cycles is the case when the number of bytes to be transfered is even 
When the number of bytes to be transfered is odd, the number is calculated as; 


9+ (1/2) X74+5 
Note that, (1/2) shows the integer part when i is divided by 2 
10. The number of cycles is the case in the 16-bit+8-bit operation The number of cycles ts incremented by 16 for-32-bit=- 16-bit operation 
11. The number of cycles is the case tn the 8-bitX8-bit operation The number of cycles is incremented by 8 for 16-bit X 16-bit operation. 
12. When setting flag x=0 to handle the data as 16-bit data in the immediate addressing mode, the number of bytes increments by 1 


13. When flag m ts 0, the byte tn the table is incremented by 1 
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